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1 2585800 ,  Platform  Weldment 
12585001,  Platform  Machining 


DESCRIPTION: 


The  platform  is  a  machined  titanium  weldment  and  has  a  current 
weight  of  352.9  lbs.  Major  load  paths  through  the  platform 
include:  the  upper  and  lower  sections  of  the  gimbal  via 
Torrington  bearings;  the  spade  attachment  on  the  platform  bottom; 
the  slinging  provision  attachment  on  the  sides  of  the  top 
platform  section;  the  trails  at  each  side  and  the  traverse 
cylinder  at  the  lower  rear  of  the  platform. 

In  addition  to  the  platform  design  being  driven  by  the  loading 
constraints,  the  shape  is  driven  by  C130  envelope  constraints  and 
also  the  clearances  required  during  gimbal  (and  fire  control 
linkage)  traverse. 

A  design  approach  Similar  to  that  of  the  gimbal  was  taken  with 
the  platform  in  efforts  to  minimise  weight.  Efforts  to  date  have 
been  to  minimise  the  weight  of  the  platform  by  generating  an 
optimum  conf i gurati on  throught  the  use  of  FEA  models  and  hand 
cal cul ati ons.  Further  weight  reductions  were  envisioned  by 
planned  structural  testing. 

A  summary  of  platform  load  conditions  and  structural  calculations 
can  be  found  in  the  following  pages  of  this  section. 


STATUS: 


All  design  and  drawing  requirements  for  the  platform  have 
completed.  Drawings  for  the  platform  are  found  in  the  TDP. 
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PART  NUMBERS:  12585963,  12585964,  Left  and  Right  Hand  Rails, 

machi ni ng 

12586016-001,  Rail  Extrusion 

DESCRIPTION:  RAILS 

The  rail  system  includes  the  left  and  right  rail  and  five  collar 
sets  as  well  as  the  clamp  plates  and  nuts  and  bolts  used  in  final 
assembl y . 

The  extruded  rail  material  of  7090  A1 /20  v/o  SiCp  was  chosen  to 
provide  an  appropriate  factor  of  safety  and  minimal  deflection 
under  the  worst-case  loading  condition  of  a  cook-off  occurring 
between  battery  and  load  position.  For  this  condition  a  factor 
of  safety  of  1.99  and  maximum  rail  deflection  of  .17  inches  is 
obtained.  This  stress  and  deflection  analysis  can  be  found  in 
the  following  pages  of  this  section. 


STATUS: 

Both  the  left  and  right  rails  (TDP ,  Dwgs.  125S5963,  125B5964  - 

machining,  12586016-001  -  extrusion)  are  dimensioned  and 

toleranced  and  are  supported  by  a  complete  finite  element 
f  analysis. 


AUTHORS:  Joe  Fishbein,  Joe  Turek,  Scott  Dacko,  Dave  Warwick 
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RAILS 


The  rails  attached  to  the  barrel  carry  the  loads  generated  by  ri-fling 
torque  to  the  mani-folds  in  which  the  barrel/rail  assembly  travels.  The 
worst  case  occurs  during  "cook-of  f " ,  with  the  barrel  part  way  between  the 
loading  and  -firing  position.  In  this  condition,  both  mani-folds  are 
positioned  over  the  rail  at  points  midspan  between  collars,  resulting  in 
high  bending  loads. 


K  5 


This  condition  was  analyzed  with  a  Finite  Element  model  o-f  the  barrel  , 
rail  and  collars.  The  barrel  is  supported  along  its  length  and  is  free  in 
axial  rotation  only.  "Rigid11  arms,  representing  the  collars,  connect  the 
barrel  to  the  rail,  and  are  attached  to  the  rail  in  the  three  translation 
degrees  of  freedom  only  (no  moments  transf erred) .  The  rail  is  simply 
supported  at  the  manifolds.  One-half  of  the  48,000  ft-lb.  rifling  torque 
is  distributed  along  the  barrel . 

This  model  was  run  several  times,  tD  determine  the  worst-case  positioning 
of  the  manifolds,  and  to  try  various  rail  geometries  and  materials.  The 
final  section,  which  resembles  an  "I"  and  is  made  from  7090-A1 /20  v/o  SiCp 
Aluminum  Silicon  Carbide  (Yield  strength  =  95,000  RSI),  has  a  maximum 
bending  stress  of  47,695  PSI  (FS=1.99>.  At  the  collar  attachment,  where 
some  web  material  is  removed,  maximum  bending  stress  =  30,835  PSI 
(FS=3.08).  Maximum  deflection  is  0.170  in. 
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— . 151 2E+04 

OOOOE+OO  -. 5780E-05 

-. 1 032E+05 

. OOOOE+OC 

***BEAM  NO.  10*  +  * 

Cv 

LLoads 

1  1 

. 0000E+00 

. 3173E+04 

OOOOE+OO  -.741 OE-06 

. OOOOE+OO 

. 4566E+05 

LLoads 

12 

. OOOOE+OO 

—.31 73E+04 

OOOOE+OO  .741 OE— 06 

. OOOOE+OO 

-. 1 577E+0E 

X" 

Stress 

1 1 

. OOOOE+OO 

. 1 007 E +04 

OOOOE+OO  . 3557E— 05 

-. 1 032E+05 

. OOOOE+OO 

£ 

Stress 

12 

. OOOOE+OO 

.  1 00 7 E +04 

OOOOE+OO  . 3557E-05 

-. 3563E+04 

.  OOOOE  +  C'O 

***BEAM  NO.  11*** 

LLoads 

12 

. OOOOE+OO 

.31 73E+04  . 

OOOOE+OO  -.741 0E-06 

. OOOOE+OO 

. 1577E+05 

v; 

LLoads 

13 

. OOOOE+OO 

— .  3 1 7  3  E + 0  4 

OOOOE  "*"00  •  74-lOE— ’0& 

. OOOOE+OO 

.  1412E  +  05 

Str  ess 

12 

. OOOOE+OO 

■  1  U(^7E+U4  • 
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— . 3563E+04 
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Stress 

13 

-  0 0 0 0 E  +  0  0 

. 1 007E+04 

OOOOE+OO  . 3557E-05 

. 3191E+04 

.  OOOOE +  ' X> 

***BEAt 
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■ 

LLoads 

13 

. OOOOE+OO 

. 3173E+04  . 

OOOOE+OO  -. 74 1 0E-06 

. OOOOE+OO 

-.  1412E+05 

LLoads 

14 

. OOOOE+OO 

-.31 73E+04 

OOOOE+OO  . 74 1 OE-06 

. OOOOE+OO 

. 4401E+05 

Stress 

13 

. 0000B  +00 

.  1 00 7 E +04 

OOOOE+OO  . 3557E-05 

. 3191E+04 

. OOOOE+OO 

Stress 

14 

. OOOOE+OO 

. 1 007E+04 

OOOOE+OO  . 3557E-05 

. 9944E+04 

. OOOOE+OO 

V 

***BEAM 

NO.  13*** 

LLoads 

14 

. OOOOE+OO 

.  31  7.3E  +  04 

OOOOE+OO  -. 741 OE-06 

. OOOOE+OO 

-. 4401E+05 

LLoads 

15 

. OOOOE+OO 

-. 31738+04 

OOOOE+OO  . 74 1 OE— 06 

. OOOOE+OO 

. 7391E+05 

St  r  ess 

14 

. OOOOE+OO 

. 1 007E+04 

OOOOE+OO  . 3557E— 05 

. 9944E  +  04 

.  OOOOE  +  00* 

Stress 

15 

. OOOOE+OO 

. 1 007E+04 

OOOOE+OO  . 3557E— 05 

.  1670E+05 

. OOOOE+OO 

***BEAM 

NO.  14*** 

,V 

LLoads 

15 

. OOOOE+OO 

- . 5535E+04  . 

OOOOE+OO  2733E-05 

. OOOOE+OO 

-. 7391E+05 

►’v 

LLoads 

16 

. 0000E +00 

. 5535E+04 

000<>E  +  00  •  2773E— 05 

. OOOOE+OO 

. 3405E+0 5 

Stress 

15 

. OOOOE+OO 

- .  1 757t  +04 

OOOOE+OO  . 1312E— 04 

. It TOE +05 

.  OOOOE  ■‘■00 

Stress 

16 

. OOOOE+OO 

- . 1 757E+04 

OOOoE+OO  . 1312E— 04 

.  ’694E+04 

•  OOOOE  +  ' 

f. 
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LLoads 

16 
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- . 5535E  +  04 
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.  00  /OE  *  ■  >u 

- . 34 05E+  05 
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17 
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OOOOE  +00  .  ~  7  7-  7E  -05 
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-,579-'E  +  04 

Stress 

16 

. 0000E +00 

— . 1 757E+U4 

0'»00E  +  00  .  1  3  1  2E-04 

.  7t94E  +  .  '4 

.  OOOOE  +  0''1 
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17 
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-  .  1  7 5  7 E  +  0  4 
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LLoads 

18 

.  OOOOE  +  -00 
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OuOOE  +  OO  .  273T  — 05 

.  OOOOE  +  <>'• 

-.45t5E* 

St  r  es  s 

1  7 

. OOOOE+OO 

-.1757E+A4 

OOOOE+OO  .  1312E-04 

-.  131 OE  +  n  4 

.  '  .'t  +'■*  • 

St  r  ec  s 

18 

. OOOOE + On 

-.1757F+04 

nu<‘>( ;>E  +  OO  .131  3t  -04 

-.  1031E  +  0r. 

#  » ii  ii ’•«  »E  * 
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c 
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1  8 
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LOADS/STRESSES  Vers 
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LTHD 

barrel  and 

rai 1  under 

r  l  -f  1  l  ng  tor 

que  load 

Load  Ca 

se  1 

:  Cool  — o-f  -f 

in  load  pos 

l  1 1  on 

LLoads 

Node 

A--.  i  a  1 

Y-Shear 

Z-Shear 

Torsion  Y-Bending 

Z -Bend  i  nq 

/Stress 

LLoads 

18 

.  0000E+00 

5519E+03 

. OOOOE+OO 

-. 2165E-05  . OOOOE+OO 

-. 4168E+05 

Stress 

ID 

. 0000E+00 

. 1 752E+03 

. OOOOE+OO 

- . 1 039E-04  - . 1 03 1 E  +  05 

. OOOOE+OO 

Stress 

19 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

-. 1039E-04  - . 94 1 6E+04 

. OOOOE+OO 

***BEAIi  NO.  1 8*** 

LLoads 

19 

. 0000E+00 

. 5519E+03 

, OOOOE+OO 

. 2 1 65E— 05  . OOOOE+OO 

. 4168E+05 

L  L  o  a  d  s 

20 

. 0000E+00 

-. 5519E+03 

.  ooo  or  oo 

-. 2165E-05  . OOOOE+OO 

-. 3770E+03 

Stress 

19 

. 0000E+00 

. 1 752E+03 

. OOOOE+OO 

-. 1039E-04  —.941 6E+04 

. OOOOE+OO 

Stress 

20 

. OOOOE+OO 

.  1 752E+03 

. uO  00 E  +00 

-. 1039E— 04  - . 85 1 BE+04 

. OOOOE+OO 

•***BEAM  NO. 

LLoads 

20 

. OOOOE+OO 

. 5519E+03 

. OOOOE+OO 

. 2 1 65E— 05  . OOOOE+OO 

. 3770E+05 

LLoad s 

21 

. OOOOE+OO 

-.5519E+03 

• OOOOE+OO 

-. 2165E-05  . OOOOE+OO 

— .  335 1 E  +  05 

St  r  eE s 

20 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

-. 1039E-04  -.851 BE+04 

.  OOOOE  +  OO* 

Stress 

21 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

— . 1039E— 04  — . 7572E+04 

. OOOOE+OO 

***BEAM  NO.  20*++ 

LLoads 

21 

. OOOOE+OO 

. 5519E+03 

. OOOOE+OO 

. 2 1 65E-05  . OOOOE+OO 

. 3351 E+05 

LLoads 

r->r-y 

. OOOOE+OO 

5519E+03 

. OOOOE+OO 

-.21 65E-05  . OOOOE+OO 

- .  2932E  +  05 

Stress 

21 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

— . 1039E-04  - . 7572E+04 

.  OOOOE  +  OO 

Stress 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

— . 1039E-04  - . 6625E+04 

.  OOOOE+OO 

+++BEAM  NO.  21+** 

LLoads 

. OOOOE+OO 

. 5519E+03 

. OOOOE+OO 

. 21 65E-05  . OOOOE+OO 

.  2832E  +  05 

LLoads 

A.'.'  _> 

. OOOOE+OO 

- . 55 1 9E+03 

.  OOOOE +00 

-. 2165E-05  .OOOOE+OO 

-.  2513E  +  05 

St  r ess 

22 

. OOOOE+OO 

. 1 752E+03 

.  OOOOE+OO 

— . 1 039E— 04  -. 6625E+04 

.  OOOOE  +  OO 

Stress 

2  •  j* 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

— . 1039E— 04  - . 5679E+04 

.  OOOOE  +  OO 

+++BEAM  NO.  22 

*** 

LLoads 

•n“T 

.  000'"* E +00 

. 5519E+03 

. OOOOE+OO 

. 2 1 65E— 05  . OOOOE+OO 

.  2513E+05 

LLoads 

24 

. OOOOE+OO 

-. 5519E+03 

. OOOOE+OO 

-.21 65E-05  . OOOOE+OO 

-.  2095E  +  05 

Stress 

t; 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

- . 1 039E-04  - . 5679E+04 

. OOOOE+OO 

St  r ess 

24 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

- . 1 039E-04  - . 4732E+04 

. OOOOE+OO 

***  BEAM  NO.  23 

LLoads 

24 

. OOOOE+OO 

. 5519E+03 

. OOOOE+OO 

. 2165E-05  . OOOOE+OO 

. 2095E+05 

LLoads 

ir 

*:  .J 

. OOOOE+OO 

-. 5519E+03 

. OOOOE +00 

— .2165E— 05  .OOOOE+OO 

-".167 

St  r  ess 

24 

, 00O0E+00 

.  1752E+03 

. OOOOE+OO 

-.1039E-04  — . 4732E+04 

. OOOOE+OO 

Stress 

rr 

. OOOOE+OO 

.  1  752E  +  03 

. OOOOE+OO 

-. 1038E-04  - . 3786E+04 

.  OOOOE+OA 

+++BEAM  NO.  24+** 

LLoads 

<“i  cr 

. 0000E +00 

. 5519E+03 

. OOOOE +00 

.  2  1  tz  2  E  ~  0  2*  •  00 0 0 E.  +  0  0 

.  1  6  "  6  E  + 1 .  *  5 

LLoads 

26 
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- . 55 1 9E+03 

. OOOOE+OO 

- . 2165E-05  . OOOOE+OO 

-. 1257E+03 

Stress 

C 

-J 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

-.  1039E-04  — .  3786E  +  '  '4 

. OOOOE  +  1 "  1 

St  r  e-s ? 

26 

. OOOOE+OO 

. 1 752E+03 

. OOOOE+OO 

-. 1038E-04  - . 2B39E+A4 

0  '  1  H  ■+ '  'm' 

+++DEAM  NO.  23 

*-+•  * 

LI oads 

26 

. OOOOE+OO 

. 5519E+03 

. OOOOE +00 

. 2165E-05  .OOOOE+OO 

.  1  25’T  +  05 

LLa-ds 

27 

. OOOOE + 00 

-. 5519E+03 

, OOOOE+OO 

-. 21 65E-05  . OOOOE+OO 

- .  O370E+O4 

r  pr  C- 

2  2 

(Wi.'ior  -•  no 

. 1 752E+03 

.  0'X'OE+  00 

-.  1039E-04  -.2B7s>E  +  04 
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SOLVE  PEA M  LOADS/ STRESSES  Version  1.3  03/01/86 

LTHD  barrel  and  rail  under  ri -fling  torque  load 


Load  Case  1  :  Cool  -o-f -f  in  load  position 


LLoads 

/Stress 

Node 

A  ;  l  al 

V— Shear 

Z— Shear 

Torsi  on 

Y-Bend l nq 

Z -Pend i ng 

Stress 

27 

. 0000E+00 

. 1752E+03  .0000E+00  — . 1039E-04 

+  *+  E'EAM  ND.  26+** 

1893E+04 

. 0000E+00 

LLoads 

27 

.  0000E+00 

. 5519E+03 

. 0000E+00 

. 2165E-05 

. 0000E+00 

. B378E+04 

LLoads 

2G 

.  0000E  +  00 

-. 5519E+03 

.  0000E+00 

—  •  I?  1  65E— 05 

. 0000E+00 

-. 4189E+04 

Stress 

27 

.  0000E+00 

. 1 752E+03 

.  0000E+00 

-. 1039E-04 

1 893E+04 

. OOOOE+OO 

Stress 

28 

.  0000E+00 

. 1752E+03  .0000E+00  — . 1039E— 04 

+  +  B  E  A  M  NO .  ^  7  *  “fr 

9464E+03 

. OOOOE+OO 

LLoads 

28 

.  0000E+00 

. 5519E+03 

.  0000E+00 

. 2165E-05 

. 0000E+00 

. 4189E+04 

LLoads 

29 

.  0000E+00 

-. 5519E+03 

. 0000E+00 

-. 2165E-05 

. 0000E+00 

. 4829E-07 

Stress 

28 

.  0000E  +  00 

.  1752E+03 

.  OOOOE+OO 

-. 1 039E-04 

-. 9464E+03 

. OOOOE+OO 

Stress 

29 

.  0000E+00 

. 1752E+03 

. 0000E+00 

1 039E-04 

.  1 09  IE— 07 

. OOOOE+OO 

=  =  =  =  ==.-  =  =  =  =  -_=  =  =  =  =  IMAGES  3D  =  =  =  =  =  ======  =  =  =  = 

=■  Copyright  (c'  1 904  Celestial  Bo-ftware  Inc.  = 

SOLVE  SEAM  LOADS/ STRESSES  Version  1.3  03/01 /B6 

LTHD  barrel  and  rail  under  n-fling  torque  load 
Load  Cast-  1:  Cool— oft  in  load  position 

MAXIMUM  STRESS  SUMMARY  FOR  BEAMS / TRUSSES 
WITHIN  SPECIFIED  RANGE  1-  27 


Maximum  (absolute)  Stress  =  . 4770E+05  at  BEAM  4 

Beam  Aria]  Y-Shear  Z— Shear  Torsion  Y-Bending  Z-B'ending 

4  .  0O00E+0O  .  7357E  -*-04  .  OOOOE+OO  — .  1482E— 04  4770E+05  .  OOOOE+00 
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SOLVE  REACT  3  ONE 
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LI  HD 
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c.i  Ca[.  c 

3  :  Cool  - c  + 
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REACTIONS 

Node 

F-: 

Fy 

F  r 

M  ■ 

My 
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OOOOE  +  >  '0 

. 0000E +00 

.  OOOOE  4  » jO 

•  0000E 4  00 

. 0000E  +  00 

5 

OOOOE *00 

. 32R3E+05 

•  000,->E  4  00 

. 496 1 E— 05 

. OOOOE +00 

is 

OOOOE  +00 

. 6087E+04 

. OOOOE+OO 
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. 0000E+00 

OOOOE4 U1.1 
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.  E  4 
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31 

OOOOE+OO 

2793E+05 

.  OOOOE+OO 

.  OOOOE+OO 

. OOOOE+OO 

“!T  O 

0000E+00 

. 7936E+04 

.  0000E+-  '0 

.  uooofc  +  <.»U 

. OOOOE+OO 

33  • 

OOOOE+OO 

E707E+04 

.  OOOOE  +  00 

.  OOOOE+OO 

. OOOOE+OO 

34 

0000 E  +00 

,  0»X>OE+00 

,  OOOOE+OO 

.  0000E +00 

. OOOOE+OO 
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0000E+00 

.  OOOOE+OO 

•  OOOOE+OO 

.  OOOOE  +  00 

. OOOOE+OO 

36 

OOOOE 4 00 

551  RE +03 

•  00 00 EE  +00 

. 0000E+00 
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PART  NUMBERS: 


12585782,  Clamp  Plate  machining, 
12586016-002,  Clamp  Plate  extrusion 


DESCRIPTION:  RA IL-TO-COLLAR  CLAMP 


All  clamp  plates  are  identical  in  the  cannon  assembly  to  simplify 
manufacturing.  6061  A1 /20  v/o  SiCp  was  chosen  because  of  its 
high  strength/weight  ratio  as  well  as  its  relatively  high 
ductility  (compared  to  higher  volume  percents  of  SiCp).  An  FEA 
model  was  created  to  determine  allowable  stresses  in  the  clamp 
plate.  It  was  concluded  that  a  gap  not  greater  than  .004  inch 
should  be  maintained  between  the  clamp  plate  and  the  collars 
prior  to  tightening  the  clamp  plate  bolts  in  order  to  prevent 
over stressi ng  of  the  clamp  plate.  A  summary  of  the  FEA  results 
and  the  complete  analysis  can  be  found  in  the  following  pages  of 
this  section. 


STATUS: 


Dimensions  and  tolerances  for  the  clamp  plate  design  (TDP,  Dwgs. 
12585782  -  machining,  12586016-002  -  extrusion)  are  complete  and 
are  supported  by  thorough  analysis. 


AUTHORS: 


Joe  Fishbein,  Joe  Turek  ,  Scott  Dacko,  Dave  Warwick 
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Analyst 


Projtct  Number 


LTHD 


I 


v\ 

LFBR 

»> J 

TOTAL  WEIGHT  -  3870.15 

C.G.  X  COORD  (IN)  -  -.274826 

,  :.G.  Y  COORD  (IN)  -  -.119819 

V  c.G.  2  COORD  (IN)  -  199.476 

ii 

|  JYZ  (FT- 

-LB-S‘2)  -  35568.8 

JXY  (  FT- 

-LB-S‘2)  -  3.24387 

>  * 

JXZ  (FT- 

-LB-S*2)  -  35571 

,v. 

DESCRIPTION  WEIGHT 

X 

Y 

z 

5725 

5 

-13.5 

10.88 

118 

r~ 

5726 

1 

-11.5 

1.25 

105.48 

h 

5727 

1 

-4.25 

2.5 

105.48 

xh 

5728 

8.76 

5 

8.75 

216.27 

5766  ct^(A  181 

0 

-1.8 

366.7 

-v 

5781. or 
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SLINGING  AND  TIEDOWN  PROVISIONS 
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:SGP IPT ION: 


Elinainq  Fro.-isions.  The  slinging  system  consists  of  two 
slinqina  provisions  on  the  sides  of  the  top  part  o-f  the  platform 
and  two  provisions  on  the  sides  of  the  top  part  of  the  front 
cradle  manifold.  The  platform  provision  design  consists  of  bolt- 
on  angled,  1/2  inch  titanium  plates  with  3"  diameter  holes  for 
the  sling  hooks.  The  front  manifold  provisions  are  similar  in 
design  arid  are  envisioned  to  be  aluminum.  The  lifting  slings 
attach  at  the  four  locations  and  converge  at  a  ring  20.8  ft  up 
vertical  lv  -from  the  LTHD  center  of  gravity  in  the  tow  position. 
Calculated  cable  tensions  for  the  front  and  rear  cables  are  2038 
lbs  ar  d  3D"7  7  lbs,  respectively.  The  cable  and  slinging  provision 
strep, ath  requirements  are  thus  to  withstand  work  inq  loads  without 
permanent  def  or  mat  l  or.  of  o  5  2  2  and  1  1,447  lbs.  respectively  and 
have  u  1  f  i  r.-,t  e  strengths  of  greater  than  9782  and  17168  lbs. 
respect i .el ..  Hard  calculations  indicate  this  lightweight  design 
will  easii,  meet  these  requirements. 


Tiedown  provisions.  The  front  tiedown  provision  is  at  the 
1  i :  r,  e '  t.  p  ,  Con  ♦  i  gur  at  l  cr.  for  other  tiedown  provisions  have  yet  to 
be  final  iced.  The  requirements  of  MIL-STD-209F  above,  along  with 
information  on  rail  car-  transport  and  aircraft  transport  are  to 
be  used  in  -finishing  the  tie- down  provision  desions. 


.  d  tie: 
n  4  i  n  J 


loads  ar.d  locations  and  critical  dimensions 
.'.si  on  s  have  been  determined.  PMC  has  used 
rq  ar.d  Tiedown  Provisions  for  Lift  in  a  and 
Paul potent "  as  the  basis  for  slinqino  and 
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PART  NUMBERS:  12585B20,  Spade  weldment 

12595821,  Spade  machining 

DESCRIPTION:  SRADE 

The  spade  is  a  machined  titanium  weldment  and  weighs  221  lbs. 
Factors  driving  the  spade  design  include:  the  vertical  area 
required  to  minimize  skid  under  worst-case  -firing  conditions  (at 
0  degrees  0E  and  all  traverse  angles.1;  the  effects  of  the 
horizontal  area  on  ground  pressure  and  in  reducing  hop; 
penet r ab l 1 l t y  in  hard  ground  during  emplacement;  extraction 
forces  required  to  remove  the  spade  from  muddy  ground;  strength 
to  withstand  point  ana  edge  loading  from  rod  s,  etc.;  ground 
clearance  requirements  during  towing  and  C 1 30  loading/unloading. 

PEA  models  were  used  to  minimize  weight  thus  far  and  plans  were 
being  developed  for  structural  testing  to  reduce  the  spade  weight 
even  further.  Testing  at  Aberdeen  Proving  Grounds  would  be 
useful  to  prove  the  spades'  functionality  under  the  many 
conditions  descr  ibed  above.  Load  cases  and  design  calculations 
for  the  spade  can  be  found  in  the  following  pages  of  this 
sec  1 1 on . 

STATUS: 

All  design  and  drawing  requirements  for  the  spade  have  been 
completed.  Drawings  for  the  spade  can  be  found  in  the  TDP. 


AUTHOR:  Dave  Langerud 
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FART  NUMBER: 


12585710-575 


Speedshift  Assembly 


DESCRIPTION:  SREEDSHIFT  ASSEMBLY 

The  speedshift  assembly  is  located  exactly  at  the  system  center 
o-f  gravity  with  the  system  in  the  tow  position  and  the  barrel  in 
tht?  load  position.  (See  Figure  D/250-1.  >  The  assembly  is  stowed 
in  the  "up"  position  when  not  needed.  During  the  speedshift 
procedure  (see  section  on  operational  procedures)  the  barrel  is 
lowered  300  mils,  the  assembly  is  lowered  and  the  weight  o-f  the 
depressed  components  rests  on  the  assembly.  After  the  barrel 
equilibration  is  turned  off  and  the  trails  are  raised,  the  rear 
wheels  are  lowered  to  lift  the  spade  out  of  the  ground.  At  this 
time,  the  cradle  is  parallel  with  the  ground  and  the  LTHD  is 
fairly  well-balanced  on  the  speedshift  assembly  and  can  be 
rotated  about  the  dis);  at  the  assembly  base. 

The  design  load  for  the  speedshift  assembly  consists  of  the  9000 
pound  system  weight  acting  perpend i cul ar  to  the  cradle  plus-or- 
minus  the  angles  allowed  from  "tipping." 


STATUS: 


i 


a 


* 


( 


A  layout  of  the  speedshift  assembly  (TDP,  Dwg.  12585710-575)  has 
been  made  and  preliminary  sires  have  been  determined  for  the 
major  components.  The  layout  can  be  found  in  the  TDP. 


AUTHOR:  Kent  Williams 


DESCRIPTION: 


TF-.mIL.  1  RAVEL  LOidS,  FlRINu  LOCKS 


The  major  components  of  the  trail  incluae:  the  composite  trail 

structure,  bolt  heads,  waiting  d  earns,  hubs  ana  a : :  1  e  s ,  service  arc 
part,  brates,  wheels  and  tires  and  wheel  actuators. 

Composite  Trail  Structure  - 

RMC  has  wor  t  ed  with  both  Morton  Thiotol  and  Heath  Teohna  to  -firm 
uc  the  trail  design  ana  the  composite  trail  structure  in 
particular. 

The  trail  design  has  changed  s  l  gni  -f  i  car  1 1  v  since  the  end  of  Phase 
I:  the  primary  driver  being  the  incorporation  of  the  wheels 

■'formerly  on  a  dolly)  into  the  trails.  Considerable  analysis  was 
performed  on  a  design  that  suffered  from  weight  and  producibi 1 lty 
problems.  Only  portions  of  that  analysis  applicable  to  the  new 
design  are  included. 

For  a  summary  of  trai 1  load  cases  and  design  calculations,  the 
reader  is  referred  to  the  following  pages  of  this  section. 

Design  requirements  for  the  trail  include  not  only  being  able  to 
withstand  loads  induced  from  worst-case  environments,  but  also  to 
have  a  minimal  amount  of  deflection  at  the  trail  ends  in  the  fire 
position.  Stability  analysis  indicates  that  less  than  1  inch  of 
static  deflection  at  the  trai  1  ends  (at  0  degrees  C'E  and 
traverse'  provides  acceptable  firing  stability  under  worst-case 
firing  conditions.  Analysis  to  date  indicates  that  deflections 
on  the  order  of  1  inch  are  attainable. 

The  following  steps  summarize  the  approach  used  for  composite 
trail  structural  analysis: 

1.  Basic  hand-anal ysi s  was  performed  to  verify  structural 
feasibi 1 lty. 

2.  The  trai 1  geometry  was  defined  on  paper. 

3.  A  2-dimensional  model  was  created  with  IDEAS  SuperTab 
Preprocessor . 

4.  Inputs  to  the  MCS  NASTBAN  FEC  consisted  of  both  shell  and 
beam  element  data: 

Properties  of  the  beam  elements  were  derived  from  SuperTab. 
Beam  element  material  constants  were  determined  using  COMF'CAL .  a 
software  pad  age  developed  by  the  University  of  Delaware  that 
runs  on  an  IBM  FC. 


"Z- 


The  sfiel  1  elements  were  modelled  using  ply-by-ply  property 
npjt'..  Nstenal  property  insuts  consisted  of  the  anisotropic 
properties  pt  the  selected  composite  pre-prea.  These  properties 
included  a  1 nocl dowr  factor  for  hot-wet  conditions. 

5.  Three  static  load  cases  were  analyzed  and  include:  air 
transport:  towing  —  worst-case  "bump  and  slid:"  and  working  loads 
♦rcm  worst-case  firing  conditions.  For  each  of  these  load  cases, 
force  inputs  and  precise  constraints  wet  e  determined.  All 
constraints  were  assumed  rigid.  The  elasticity  of  the  platform, 
for  e  ample,  was  thus  lqnored. 

c .  The  NAETRhM  solution  sequence  was  specified.  ( Super el ement 
static  solution  c7  was  primarily  used.) 

~ .  The  NAETRAN  program  was  rein  and  paper  output  was  generated. 


E.  The  output  was  reviewed  for  low  strains,  high  strains, 
unacceptable  Tsai -Nu  values  and  also  maximum  strains  using  the 
ma" l mum  strain  failure  criterion.  (Early  Phase  II  wort  used 
Tsai-kA' ;  later  in  Phase  II,  FMC  switched  to  using  the  maximum 
strain  failure  criterion.  With  this  criterion,  . 006  inches/inch 
was  used  to  account  for  damaqe  tolerance.  The  anisotropic 
material  was  analyzed  in  a  ply-by-ply  fashion. 
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TRAIL/CRADLE  TRAVEL  LOCK 


The  travel  lock  consists  of  three  main  components:  the  composite  trail 
extension,  a  link  that  closes  over  a  projection  of  the  cradle  and  carries 
downward-directed  loads,  and  a  triangular  bracket  to  prevent  direct 
bearing  on  the  composite  material  from  upward-directed  loads.  Maximum  load 
from  transport  is  2,100  lb.  in  either  direction. 

The  "L"  shaped  link  was  analyzed  as  a  rigid  frame.  Titanium  was  selected 
for  weight  considerations.  The  section  used  has  a  maximum  combined  stress 
(axial  +  bending)  of  45,340  PS1.  Direct  bearing  stress,  assuming  a  contact 
width  of  0.1  in.,  is  —84,000  PSI.  The  resultant  principal  stress  is 
—84,055  PSI,  for  a  FS  of  1.43.  This  falls  within  the  desired  range  of 
1.2-1. 5. 

The  triangular  bracket  was  checked  for  pin  hole  bearing,  compression,  and 
stability.  Bearing  stress  in  the  hole  is  the  limiting  factor,  with  a 
bearing  stress  of  20,000  PSI  (FS^l.SO).  Compression  stress  is  low,  and 
buckling  of  side  plates  is  not  significant. 
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PART  NUMBER:  125B5845,  12585847,  Trail  Bulkheads 

DESCRIPTION:  TRAIL  BULKHEAD 

STATUS: 

Finished  drawings  o-f  the  current  bulkhead  (TDP,  Dwgs.  125B5B45, 
12585B47)  design  have  been  created  and  are  supported  by  a 
complete  -finite  element  analysis.  A  summary  o-f  this  analysis  can 
be  -found  in  the  -following  pages  o-f  this  section. 
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0.  00 

Beam 

£  2 

to  21 

17 

14 

1 

1 

1 

1.709E+01 

-0.79 

0.61 

o 

o 

o 

Beam 

I  ■ 

1  22 

14 

1 1 

1 

1 

1 

1.709E+01 

-0.79 

0.61 

0.  00 

Beam 
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H 


CHECK  GEOMETRY  Version  1.3  03/01/86 


LTHD  Trail  Diaphragm  —  3/3/87  re— design 


Beam 

Nodes 

Prop 

Mat 

Pi ncodes 

Y  Dir  Cosines 

Beam 

No 

From/ 

To/Re-f 

No 

No 

I  / 

J 

Length 

X  Y 

z 

Type 

23 

17 

22 

20 

3 

1 

3. 625E+00 

0.00  -1.00 

0.00 

Beam 

24 

17 

23 

20 

3 

1 

3. 625E+00 

O 

o 

• 

1 

o 

o 

• 

o 

0.  00 

Beam 

25 

19 

24 

21 

3 

1 

3. 625E+00 

0.00  -1.00 

0.00 

Beam 

26 

19 

25 

21 

3 

1 

3. 625E+00 

0.00  -1.00 

0.00 

Beam 

RESTRAINTS 

Node  Restraint 

No  Directions 


1  X  Y  Z  -  RY  RZ 

2  X  Y  Z  -  RY  RZ 

22  X  Y  Z  -  -  - 

23  X  Y  Z  -  -  - 

24  X  Y  1  -  -  - 

25  X  Y  Z  -  -  - 


"j 


| 

| 

*S 


«*^ 

•|% 

in 

m 

*5% 

TJ 


■» 
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RENUMBER  NODES  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 

Node  Renumbering  Cross  Reference  List 


1 

1 

|  Was 

Is 

Was 

Is 

Was 

Is 

y 

| 

1 

7 

2 

21 

3 

4 

i 

2 

5 

1 

6 

3 

1 

$  7 

5 

8 

8 

9 

10 

*> 

3H  10 

12 

1 1 

18 

12 

6 

13 

20 

14 

15 

15 

9 

m 

16 

23 

17 

1 1 

18 

14 

% 

v 

,  19 

19 

20 

13 

21 

22 

•i* 

22 

16 

23 

17 

24 

24 

"i1 

«x 

25 

25 

! 

Or i gi nal 

Nodal 

Band 

10 

Final  Nodal  band 
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■  Copyright  (c>  1904  Celestial  Software  Inc. 


ASSEMBLE  STIFFNESS  MATRIX  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/B7  re-design 

STIFFNESS  ASSEMBLY  SUMMARY 


Number  of  Node  Points . 

Number  of  Truss  and  Beam  Elements 

Number  of  Plate  Elements... . 

Number  of  Spring  Elements . 

Number  of  Nodes  with  Restraints.. 
Number  of  Blocks  in  the  Matrix... 


BLOCK  NUMBER  1 

FORM  Matrix 

PACK  Matrix 

Size  =  17720  Bytes 

TRIANGULAR! ZE  Matrix 


Number  of  terms  in  the  matrix. 

Largest  column.... . 

Minimum  Diagonal  Stiffness  ■ 
Maximum  Diagonal  Stiffness  * 


2215 

35 

. 1323593D+06 
. 709360 1D+08 


.vwyryrv 
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ASSEMBLE  STIFFNESS  MATRIX  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 

CROSS  REFERENCE  LIST 
Is  Node  Verus  Internal  Equation  Number 


Is  TRANSLATION  / 

Node  Eqn.  Eqn.  Eqn.  / 


ROTATION 
Eqn.  Eqn.  Eqn. 


1 

1 

2 

3 

4 

5 

6 

2 

7 

8 

9 

10 

1 1 

12 

3 

13 

14 

15 

16 

17 

18 

4 

19 

20 

21 

22 

23 

24 

5 

25 

26 

27 

28 

29 

30 

6 

31 

32 

33 

34 

35 

36 

7 

37 

8 

38 

39 

40 

41 

42 

43 

9 

44 

45 

46 

47 

48 

*  49 

10 

50 

51 

52 

53 

54 

55 

11 

56 

57 

58 

59 

60 

61 

12 

62 

63 

64 

65 

66 

67 

13 

68 

69 

70 

71 

72 

73 

14 

74 

75 

76 

77 

78 

79 

15 

80 

81 

82 

83 

84 

85 

16 

86 

87 

B8 

17 

89 

90 

91 

18 

92 

93 

94 

95 

96 

97 

19 

98 

99 

100 

101 

102 

103 

20 

104 

105 

106 

107 

108 

109 

21 

110 

22 

111 

112 

113 

114 

115 

116 

23 

117 

118 

119 

120 

121 

122 

24 

123 

124 

125 

25 

126 

127 

128 
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SOLVE  DISPLACEMENTS 


Version  1.3  03/01/86 


LTHD  Trail  Diaphragm  —  3/3/87  re-design 

LOAD  CASE  1 
FI  Cylinder  Load  Only 


CONCENTRATED  LOADS 


Node 


7  . 0000E+00  -. 1696E+05  -. 1060E+05  -.9116E+05  . 0000E+00  . 0000E+00 
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SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 

LOAD  CASE  1 
FI  Cylinder  Load  Only 

APPLIED  LOAD  VECTOR 

Node  Fx  Fy  Fz  Mx  My  Mz 

7  . OOOOE+OO  -. 1696E+05  -. 1060E+05  -.9116E+05  .OOOOE+OO  .OOOOE+OO 
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03-09-87 

PAGE 


*  Copyright  <c>  1984  Celestial  Software  Inc.  = 


SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 

LOAD  CASE  1 
FI  Cylinder  Load  Only 


DISPLACEMENTS 

Translations  /  Rotations 

Node  X  V  2  /  X  Y  2 

-  - - - / - - - 

1  . OOOOE+OO  . 0000E+00  .OOOOE+OO  /  -.2093E-02  .OOOOE+OO  .OOOOE+OO 

2  . OOOOE+OO  . 0000E+00  .OOOOE+OO  /  -. 1626E-02  . OOOOE+OO  .OOOOE+OO 

3  — . 1060E-02  — . 9981E-03  . 5993E-02  /  -.3671E-02  . 3005E-02  -. 1890E-02 

4  — . 8473E-03  -. 1240E-01  -.5684E-02  /  -. 95B6E-02  . 3732E-02  -. 3407E-02 

5  — . 6349E-03  -.2561E-01  -. 1789E-01  /  -. 1550E-01  . 3406E-02  -. 3271E-02 

6  — . 4224E— 03  -. 3630E-01  -.2785E-01  /  -.2141E-01  . 2027E-02  -. 1483E-02 

7  -. 291  IE— 03  — . 40B8E— 01  -. 3244E-01  /  -. 2733E-01  . 1023E-03  . 3653E-04 

8  — . 1598E-03  — . 3605E-01  -.2841E-01  /  -.2129E-01  -. 1827E-02  . 1546E-02 

9  . 5267E-04  -.2516E-01  -. 1897E-01  /  -. 1526E-01  -.3226E-02  . 3266E-02 

10  . 2651E-03  — . 1 199E-01  -. 7233E-02  /  -.921BE-02  -. 3585E-02  . 32BBE-02 

11  • 4776E— 03  - . 9B43E-03  . 40B3E-02  /  -. 31B1E-02  -.2904E-02  . 1613E-02 

12  — . 7B89E— 02  -.8446E-03  . 1854E-01  /  -.B620E-03  .2301E-02  -.5304E-03 

13  . 66B7E-02  -.8257E-03  . 1513E-01  /  -.7881E-03  -. 2288E-02  . 5320E-03 

14  . 5109E-02  -. 44B5E-02  .5874E-02  /  -. 1040E-02  1792E-02  -.393BE-03 

15  -.5758E-02  -.5945E-03  . 1208E-01  /  . 1222E-02  . 1 156E-02  . 5299E-03 

16  . 5760E-02  -. 5672E-03  . 1012E-01  /  . 1006E-02  -. 1284E-02  -. 4231E-03 

17  -. 7526E-04  -. 3444E-03  . 5695E-04  /  .2155E-03  . 1012E-04  . 157BE-03 

18  . 2936E-04  . 108 IE-02  7087E-03  /  . 2032E-03  .3743E-04  .3249E-04 

19  . 1340E-03  — . 30B7E-03  . 5294E-04  /  . 1909E-03  -. 2B08E-03  -. 3785E-03 

20  . 7766E-03  -.3444E-03  -.U06E-02  /  .2155E-03  .  1012E-04  .  157BE-03 

21  — . 1909E-02  -. 3087E-03  -.9776E-03  /  . 1909E-03  -.2B08E-03  -.3785E-03 

22  .0000E+00  .0000E+00  .OOOOE+OO  /  . 1220E-03  -.3554E-04  . 1578E-03 

23  .OOOOE+OO  .OOOOE+OO  .OOOOE+OO  /  -.2533E-04  .25B5E-04  . 1578E-03 

24  .OOOOE+OO  .OOOOE+OO  .OOOOE+OO  /  . 10B9E-03  . 1B90E-03  -.3785E-03 

25  .OOOOE+OO  .OOOOE+OO  .OOOOE+OO  /  -.2321E-04  . 7969E-04  -.3785E-03 
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SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 

LOAD  CASE  2 
F2  Cylinder  Load  Only 


Node 


Fx 


Fy 


CONCENTRATED  LOADS 
F  2  M>: 


My 


M: 


|Jjr  7  . 0000E+00  — .  2476E+05  . 3479E+04  . 8665E+05  .0000E+00  . 0000E+00 

§ 

jj 


% 

£ 


1 


03-09-87 
PAGE  ' 


FMC  CORPORATION  S/N: 800484 


7  ^ 


R 


==«=“=========  IMAGES  3D  «====«======== 
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SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 

LOAD  CASE  2 
F2  Cylinder  Load  Only 

APPLIED  LOAD  VECTOR 

Node  Fx  Fy  Fz  Mx  My  Me 

7  . OOOOE+OO  — . 2476E+05  . 3479E+04  . 8665E+05  .OOOOE+OO  .OOOOE+OO 
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SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 

LOAD  CASE  2 
F2  Cylinder  Load  Only 


DISPLACEMENTS 


T  r  a 

n  s  1  a  t  i 

o  n  s 

/ 

R  i 

□  t  a  t  i  o 

n  s 

Node 

X 

Y 

z 

/ 

X 

Y 

z 

1 

. 0000E+00 

. 0000E+00 

. 0000E+00 

/ 

/ 

. 4247E-02 

. 0000E+00 

. 0000E+00 

2 

. 0000E+00 

. 0000E+00 

. 0000E+00 

/ 

. 3246E-02 

. OOOOE+OO 

. 0000E+00 

3 

1547E-02 

-. 1457E-02 

1620E-01 

/ 

.51 12E-02 

-. 1 149E-02 

— . 2759E— 02 

4 

-. 1237E-02 

-. 1B10E-01 

1 173E-01 

/ 

. 1066E-01 

-. 146 IE— 02 

— . 4972E-02 

5 

— . 9267E— 03 

— . 373BE-01 

-. 696 IE— 02 

/ 

. 1620E-01 

-. 1387E-02 

-. 4774E-02 

6 

— . 6166E— 03 

-. 5298E— 01 

-. 2885E-02 

/ 

. 2175E— 01 

— . 9294E— 03 

— . 2164E— 02 

7 

-. 4249E-03 

— . 5967E-01 

— . 6655E-03 

/ 

. 2729E-0 1 

-. 2629E-03 

. 5332E-04 

8 

— . 2332E-03 

— . 5261E— 01 

-. 1408E-02 

/ 

. 2148E— 01 

. 4362E-03 

. 2256E-02 

9 

. 7688E— 04 

-. 3673E-01 

-. 4130E-02 

/ 

. 1566E-01 

. 1017E-02 

. 4767E— 02 

10 

. 387OE-03 

-. 1750E-01 

— . 7980E— 02 

/ 

. 9B47E— 02 

. 1296E-02 

. 4800E-02 

11 

. 697 1 E— 03 

-. 1437E-02 

1216E-01 

/ 

. 4032E-02 

. 1272E-02 

. 2355E-02 

12 

1 151E-01 

-. 1233E-02 

-. 3264E— 01 

/ 

. 9454E-03 

— . 77B6E— 03 

-. 7742E-03 

13 

. 9760E-02 

1205E-02 

2518E-01 

/ 

. 75B3E-03 

. 9681E-03 

. 7766E-03 

14 

.7457E-02 

— . 6546E— 02 

1890E-01 

/ 

. 4133E-03 

. 1938E-02 

-. 5748E-03 

15 

— .  8405E-02 

— . 8677E— 03 

-. 1987E-01 

/ 

-. 2071E-02 

1748E-03 

. 7735E-03 

16 

. 8408E-02 

— . B279E— 03 

1533E-01 

/ 

-. 1605E-02 

. 4732E-03 

— . 6176E-03 

17 

-. 1 099E-03 

— . 5027E— 03 

-. 9828E-04 

/ 

-. 4109E-03 

. 4290E— 03 

. 2303E-03 

18 

. 4286E-04 

. 1578E-02 

1270E-02 

/ 

— . 34B9E— 03 

-. 5733E-04 

. 4742E-04 

19 

. 1956E-03 

— . 4505E-03 

- . 7531 E— 04 

/ 

-. 2868E-03 

-. 21B7E-04 

— . 5525E-03 

20 

. 1 134E-02 

— . 5027E— 03 

. 2120E-02 

/ 

—.41 09E— 03 

. 4290E-03 

.  2 3 0 3 E — 0  3 

21 

— . 2787E-02 

-. 4505E-03 

. 1473E-02 

/ 

— . 2B68E-03 

— . 2187E-04 

— . 5525E-03 

22 

. 0000E+00 

. 0000E+00 

. 0000E+00 

/ 

. 1536E-04 

-. 250 IE— 03 

. 2303E-03 

23 

. 0000E+00 

. 0000E+00 

. 0000E+00 

/ 

-. 1 997E-03 

-. 1 604E-03 

. 2303E-03 

24 

. 0000E+00 

. 0000E+00 

. 0000E+00 

/ 

. 3205E-04 

. 9022E-04 

— . 5525E-03 

25 

.  0000E+00 

. 0000E+00 

. 0000E+00 

/ 

— . 1 608E— 03 

-. 6930E-04 

— . 5525E-03 
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===============  IMAGES  3D  =============== 

=  Copyright  <c>  19B4  Celestial  Software  Inc.  = 

SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 

LOAD  CASE  3 
FI  +  F2  Cylinder  Loads 

CONCENTRATED  LOADS 

Node  Fx  Fy  Fz  Mx  My 

7  . 0000E+00  — . 4172E+05  -.7119E+04  . 4510E+04  . OOOOE+OO 


Mz 


. 0000E+00 
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SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/B7  re-design 

LOAD  CASE  3 
FI  +  F2  Cylinder  Loads 

APPLIED  LOAD  VECTOR 

Node  Fx  Fy  Fz  Mx  My  Mz 

7  . 0000E+00  - .  4 1 72E+05  -.7119E+04  . 4510E+04  .0000E+00  . 0000E+00 


FMC  CORPORATION  S/N:B004B4 
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=  Copyright  (c)  19B4  Celestial  Software  Inc.  = 


FMC  CORPORATION  S/N: 800484 


03-09-87 
PAGE  9 


===============  IMAGES  3D  =============== 
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SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 

LOAD  CASE  3 
FI  +  F2  Cylinder  Loads 


DISPLACEMENTS 


T  r  a 

n  s  1  a  t  i 

o  n  s 

/ 

R  ( 

d  t  a  t  i  o 

n  s 

Node 

X 

Y 

Z 

/ 

X 

Y 

z 

1 

. 0000E+00 

. OOOOE+OO 

. 0000E+00 

/ 

/ 

. 2719E-02 

. 0000E+00 

. 0000E+00 

n 

.  00 00 E +00 

. 0000E+00 

. OOOOE+OO 

/ 

. 2052E-02 

. 0000E+00 

. 0000E+00 

3 

2607E-02 

- . 2455E-02 

-. 1247E-01 

/ 

. 2062E-02 

. 1 B29E-02 

— . 4650E— 02 

4 

-. 2084E-02 

-. 3050E-01 

1958E-01 

/ 

. 2266E-02 

. 2234E-02 

-. B379E-02 

5 

1562E-02 

— . 6299E— 01 

26B9E-01 

/ 

. 2469E-02 

. 1976E-02 

-. B045E-02 

6 

1 039E-02 

- . 8928E-01 

— . 3265E— 01 

/ 

. 2673E-02 

. 1055E-02 

— . 3646E-02 

7 

-. 7160E-03 

1 006E+00 

— . 3490E-01 

/ 

. 2B77E-02 

-. 1971E-03 

. B9B6E-04 

8 

- . 3930E-03 

- . 8866E-0 1 

— . 3152E— 01 

/ 

. 2489E— 02 

-.  1417E-02 

. 3802E-02 

9 

. 1 295E-03 

— . 6189E-01 

— . 2475E— 01 

/ 

. 2101E-02 

-. 2215E-02 

. B032E-02 

10 

. 6521E-03 

— . 2949E— 0 1 

-. 1686E-01 

/ 

. 1714E-02 

— . 2270E— 02 

. 80B8E— 02 

1 1 

. 1 175E-02 

-. 242 IE— 02 

-. 9803E-02 

/ 

. 1 326E-02 

-. 15B1E-02 

. 396BE-02 

12 

-. 1940E-01 

-. 2077E-02 

1833E-01 

/ 

. 18B8E-03 

. 1519E-02 

-. 1 305E-02 

13 

. 1645E-01 

- . 2031E-02 

1327E-01 

/ 

. 4962E-04 

-. 12B5E-02 

. 1309E-02 

14 

. 1257E-01 

1103E-01 

1573E-01 

/ 

— . 6 1 53E— 03 

. 3614E-03 

-. 9687E-03 

15 

-.  1416E-01 

1 462E-02 

1032E-01 

/ 

-. 1114E-02 

. 1014E-02 

. 1 303E-02 

16 

. 1417E-01 

-. 1395E-02 

—.71 19E— 02 

/ 

— . B022E-03 

-. 803 IE— 03 

-. 1041E-02 

17 

-. 1B51E-03 

- . 8470E-03 

- . 539BE-04 

/ 

— . 2495E-03 

. 5079E-03 

. 38B2E-03 

18 

. 7222E-04 

. 2660E-02 

-. 2218E-02 

/ 

-. 1905E-03 

— . 2706E— 04 

. 799 1 E— 04 

19 

. 3296E-03 

- . 7592E-03 

-. 3158E-04 

/ 

-. 1315E-03 

- . 3208E-03 

-. 9310E-03 

20 

. 1910E-02 

— . 8470E-03 

. 1293E-02 

/ 

— . 2495E-03 

. 5079E-03 

. 38B2E-03 

21 

— . 4696E— 02 

- . 7592E— 03 

. 67B4E-03 

/ 

-. 1315E-03 

— . 320BE— 03 

— . 9310E-03 

22 

. 0000E+00 

. 0000E+00 

. OOOOE+OO 

/ 

. 1253E-03 

— . 3185E-03 

. 3882E-03 

23 

. 0000E+00 

. 0000E+00 

. OOOOE+OO 

/ 

-. 2372E-03 

-. 1 675E-03 

. 3882E-03 

24 

. 0000E+00 

. 0000E+00 

. OOOOE+OO 

/ 

. 1329E-03 

. 2879E— 03 

— . 9310E-03 

25 

. 0000E+00 

. 0000E+00 

. 0000E+00 

/ 

-. 1 920E-03 

. 1907E-04 

— . 9310E-03 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  1:F1  Cylinder  Load  Only 

BEAM  LOADS  AND/OR  STRESSES 


LLoads 

Node 

Ax  i  al 

Y-Shear 

Z-Shear 

Torsion 

Y-Bendi ng 

Z-Bend i ng 

/Stress 

♦♦♦BEAM  NO. 

1  ♦  ♦  ♦ 

LLoads 

20 

-. 6151E-13 

. 1 760E-10 

-. 6192E-1 1 

-.  4094E-15 

. 166BE-10 

. 4789E-10 

LLoads 

17 

. 6151E-13 

-. 1760E-10 

. 6192E-1 1 

. 4094E-15 

. 1652E-10 

. 4792E- 10 

Stress 

20 

. 3200E-13 

. 2079E— 10 

— . 7313E— 1 1 

. 1784E-15 

-.31 14E-10 

-. 1084E-10 

Stress 

17 

. 3200E-13 

. 2079E-10 

-. 7313E-1 1 

.  17B4E-15 

.31 16E-10 

. 1074E-10 

♦♦♦BEAM  NO. 

2^  ♦  ♦ 

LLoads 

17 

. 76B4E+03 

. 4691E+03 

. 1012E+04 

— .  2222E+04 

— . 8627E+04 

. 3679E+04 

LLoads 

15 

— . 7684E+03 

— . 4691E+03 

1012E+04 

.  2222E+04 

-. 1 B22E+04 

. 1 163E+04 

Stress 

17 

— . 3998E+03 

. 5541E+03 

. 1 196E+04 

.  96B6E+03 

-. 2392E+04 

. 56 1 0E+04 

Stress 

15 

- . 3998E+03 

. 5541E+03 

. 1196E+04 

.  96B6E+03 

. 7565E+03 

-. 1 185E+04 

♦♦♦BEAM  NO. 

LLoads 

15 

. 76B4E+03 

. 4691E+03 

. 1012E+04 

-.  2222E+04 

. 1 B22E+04 

-. 1 163E+04 

LLoads 

12 

— . 7684E+03 

— . 4691E+03 

-. 1012E+04 

. 2222E+04 

1 227E+05 

. 6006E+04 

Stress 

15 

- . 3998E+03 

. 554  IE +03 

. 1 196E+04 

. 9686E+03 

. 7565E+03 

-. 1 1B5E+04 

Stress 

12 

3998E+03 

•5541E+03 

. 1 196E+04 

. 96B6E+03 

. 3905E+04 

-. 797BE+04 

♦♦♦BEAM  NO. 

4^  ♦  ♦ 

LLoads 

12 

. 7684E+03 

. 4691E+03 

. 1012E+04 

-.  2222E+04 

. 1 227E+05 

-. 6006E+04 

LLoads 

3 

— . 7684E+03 

— . 469 1 E+03 

-. 1012E+04 

.  2222E+04 

-. 1 B68E+05 

. B977E+04 

Stress 

12 

— . 399BE+03 

. 5541E+03 

. 1 196E+04 

.  96B6E+03 

. 3905E+04 

-. 797BE+04 

Stress 

3 

— . 3998E+03 

.5541 E+03 

.  1  196E+04 

. 9686E+03 

. 5837E+04 

-. 1215E+05 

♦♦♦BEAM  NO. 

LLoads 

3 

-.7597E+04 

. 3036E+04 

. 6345E+04 

.  1444E+05 

— . 2643E+05 

. 2216E+05 

LLoads 

1 

. 7597E+04 

— . 3036E+04 

-. 6345E+04 

-.  1444E+05 

— . 6268E-10 

-. 9509E+04 

Stress 

3 

. 3953E+04 

. 3585E+04 

. 7494E+04 

- .  6293E+04 

-. 1441E+05 

. 1719E+05 

Stress 

i 

. 3953E+04 

. 35B5E+04 

. 7494E+04 

— .  6293E+04 

—.61 83E+04 

-. 4076E-10 

♦♦♦BEAM  NO. 

&♦♦♦ 

LLoads 

21 

. 9492E- 1 3 

. 1994E-10 

. 4502E-1 1 

-.41 86E- 1 3 

-. 1 185E-10 

. 5464E- 1 0 

LLoads 

19 

— . 9492E-13 

-. 1994E-10 

-. 4502E-1 1 

. 41B6E-13 

-. 1 196E-10 

. 5507E- 1 0 

Stress 

21 

— . 4939E— 13 

. 2356E- 10 

.5317E-1 1 

. 1B24E-13 

- . 3553E- 1 0 

.  770BE-U 

Stress 

19 

- . 4939E- 1 3 

. 2356E- 10 

. 5317E-1 1 

. 1824E-13 

. 358 IE- 10 

- . 7775E- 1 1 

♦♦♦BEAM  NO. 

7^  ♦ 

LLoads 

19 

. 7942E+03 

. 3274E+03 

- . B546E+03 

.  1 947E+04 

.71 66E+04 

. 1 840E+04 

LLoads 

16 

-. 7942E+03 

-. 3274E+03 

. B546E+03 

-.  1 947E+04 

. 1655E+04 

.  1539E+04 

Stress 

19 

-. 4132E+03 

. 3B67E+03 

-. 1009E+04 

— .  B484E+03 

-. 1 1 97E+04 

-. 4660E+04 

Stress 

16 

-. 4132E+03 

. 3867E+03 

-. 1 009E+04 

-.  B484E+03 

. 1001E+04 

. 1 076E+04 

♦♦♦BEAM  NO. 

B  ♦♦♦ 

LLoads 

16 

. 7942E+03 

. 3274E+03 

-. 8546E+03 

.  1947E+04 

-. 1 655E+04 

-. 1 539E+04 

LLoads 

13 

— . 7942E+03 

- . 327  4E+03 

. B546E+03 

-.  1947E+04 

. 1 04BE+05 

. 4919E+04 

Stress 

16 

-.41 32E+03 

. 3867E+03 

-. 1009E+04 

-.  B4B4E+03 

. 1001E+04 

. 1076E+04 

Stress 

13 

—.41 32E+03 

. 3867E+03 

-. 1 009E+04 

- .  B4B4E  +  03 

. 319BE+04 

. 68 1 2E+04 

FMC  CORPORATION  S/N: 800484 


03-09 

PAGE 


xssssssss: 

======  i  m 

AGES  3  E 

)  xsessxxsz 

H 

H 

ii 

ii 

II 

H 

=  Copyright  (c)  1984 

Cel est i al 

Sot  twar e 

Inc.  “ 

SOLVE  BEAM 

LOADS/STRESSES  Version  1.3  0 

3/01 /86 

LTHD 

Trail  Diaphragm  —  3/ 

3/87  re-design 

Load  Case  1:F1  Cylinder  Load  Onl 

y 

LLoads 

Node 

A:-:  i  a  1 

Y-Shear 

Z-Shear 

Torsi  on 

Y-Bendi ng 

/Stress 

***BEAM  NO.  9*** 

LLoads 

13 

. 7942E+03 

. 3274E+03 

-. 8546E+03 

. 1 947E+04 

-.  1 048E+05 

LLoads 

1 1 

7942E+03 

- . 3274E+03 

. 8546E+03 

1947E+04 

.  1 5B9E+05 

Stress 

13 

4132E+03 

. 3867E+03 

-.  1 009E+04 

-. 8484E+03 

. 3198E+04 

Stress 

1  1 

4132E+03 

• 3867E+03 

1 009E+04 

-. 8484E+03 

. 4547E+04 

44* BEAM  NO.  10444 

LLoads 

1 1 

7492E+04 

. 304  IE +04 

— .  6254E+04 

-. 1 396E+05 

. 2606E+05 

LLoads 

2 

. 7492E+04 

-. 3041E+04 

. 6254E+04 

. 1 396E+05 

- . 61 47E-09 

Stress 

1 1 

. 3898E+04 

. 3591E+04 

7387E+04 

. 60B2E+04 

-. 1 290E+05 

Stress 

2 

. 3898E+04 

•3591E+04 

— . 7387E+04 

. 60B2E+04 

-. 4667E+04 

444BEAM  NO.  11444 

LLoads 

3 

2566E+04 

. 8366E+04 

. 5332E+04 

. 451 1E+05 

-. 1 666E+05 

LLoads 

4 

. 2566E+04 

— . 8366E+04 

-.  5332E+04 

— . 451 1E+05 

. 2665E+04 

Stress 

3 

. 1 335E+04 

. 9B81E+04 

. 6298E+04 

1 966E+05 

-. 2024E+05 

Stress 

4 

. 1 335E+04 

. 9881E+04 

. 6298E+04 

-. 1966E+05 

— . 5965E+04 

444BEAM  NO.  12444 

LLoads 

4 

-. 2566E+04 

. 8366E+04 

. 5332E+04 

. 4511E+05 

2665E+04 

LLoads 

5 

. 2566E+04 

- . 8366E+04 

-. 5332E+04 

-.451 1E+05 

—.11 33E+05 

Stress 

4 

. 1335E+04 

. 9B81E+04 

. 6298E+04 

1 966E+05 

— . 5965E+04 

Stress 

5 

. 1335E+04 

.98B1E+04 

. 629BE+04 

-. 1 966E+05 

. 83 1 5E+04 

444BEAM  NO.  13444 

LLoads 

5 

- . 2566E+04 

. 8366E+04 

. 5332E+04 

. 451 1E+05 

. 1 133E+05 

LLoads 

6 

. 2566E+04 

8366E+04 

5332E+04 

-.451 1E+05 

-. 2533E+05 

Stress 

5 

. 1335E+04 

. 9881E+04 

. 629BE+04 

-. 1 966E+05 

. B315E+04 

Stress 

h 

. 1335E+04 

. 98B1E+04 

. 6298E+04 

-. 1966E+05 

. 2259E+05 

444BEAM  NO.  14444 

LLoads 

6 

-. 2566E+04 

. 8366E+04 

. 5332E+04 

. 451 1E+05 

. 2533E+05 

LLoads 

7 

. 2566E+04 

- . 8366E+04 

-. 5332E+04 

-.451 1E+05 

-. 3933E+05 

Stress 

6 

. B254E+03 

. 6107E+04 

. 3893E+04 

— . 2324E+05 

. 1 179E+05 

Stress 

7 

. 8254E+03 

. 6107E+04 

. 3893E+04 

-. 2324E+05 

. 1924E+05 

444BEAM  NO.  15444 

LLoads 

7 

2566E+04 

-. 8595E+04 

- . 5266E+04 

— . 4605E+05 

. 3933E+05 

LLoads 

8 

. 2566E+04 

. B595E+04 

. 5266E+04 

. 4605E+05 

-.  2550E+05 

Stress 

7 

. 8254E+03 

-. 6275E+04 

-. 3B44E+04 

. 2372E+05 

. 1 924E+05 

Stress 

8 

. 8254E+03 

-. 6275E+04 

- . 3844E+04 

. 2372E+05 

. 1 159E+05 

444BEAM  NO.  16444 

LLoads 

8 

2566E+04 

-. 8595E+04 

- . 5266E+04 

-. 4605E+05 

. 2550E+05 

LLoads 

9 

. 2566E+04 

. B595E+04 

. 5266E+04 

. 4605E+05 

-. 1 168E+05 

Stress 

8 

. 1 335E+04 

— . 101 5E+05 

-.  6219E+04 

. 2007E+05 

. 2220E+05 

Stress 

9 

. 1335E+04 

-. 1015E+05 

6219E+04 

. 2007E+05 

. 7530E+04 

444BEAM  NO.  17444 

LLoads 

9 

2566E+04 

-. B595E+04 

— . 5266E+04 

-. 4605E+05 

. 1 16BE+05 

67  j) 


Z-Bendi ng 


. 4919E+04 
. 6992E+04 
. 6812E+04 
. 1033E+05 

. 1 984E+05 
. 7177E+04 
. 1694E+05 
. 3997E-09 

. 31 13E+05 
. 9173E+04 
. 1083E+05 
. 1 733E+04 

.9173E+04 
. 1 279E+05 
. 1733E+04 
. 736BE+04 

. 1279E+05 
. 3475E+05 
. 7368E+04 
. 1647E+05 

. 3475E+05 
.5671E+05 
. 1 3O3E+05 
. 2023E+05 

. 5671E+05 
. 3414E+05 
. 2023E+05 
. 1312E+05 

. 34 1 4E+05 
. 1 158E+05 
. 1 658E+05 
. 7596E+04 

. 115BE+05 
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Software  Inc.  « 


SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 


LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  IsFl  Cylinder  uoad  Only 


LLoads 

Node 

A>:  i  a  1 

Y-Shear 

Z-Shear 

Tor si  on 

Y-Bendi ng 

Z-Bendi ng 

/Stress 

LLoads 

10 

. 2566E+04 

. B595E+04 

•5266E+04 

.  4605E+05 

. 2141E+04 

-. 1 09BE+05 

Stress 

9 

.  1335E+04 

-. 1015E+05 

-. 6219E+04 

.  2007E+05 

. 7530E+04 

-. 7596E+04 

Stress 

10 

. 1 335E+04 

-. 1015E+05 

-. 6219E+04 

. 2007E+05 

-. 7141E+04 

. 1 392E+04 

***BEAM  NO.  18*** 

LLoads 

10 

-. 2566E+04 

-. 8595E+04 

-. 5266E+04 

— . 4605E+05 

-. 2141E+04 

. 1 09BE+05 

LLoads 

1 1 

.  2566E+04 

. 8595E+04 

. 5266E+04 

. 4605E+05 

. 1 596E+05 

-. 3354E+05 

Stress 

10 

. 1335E+04 

-. 1015E+05 

-. 6219E+04 

. 2007E+05 

-. 7141E+04 

. 1 392E+04 

Stress 

1 1 

. 1 335E+04 

-. 1015E+05 

- . 62 1 9E+04 

. 2007E+05 

-. 21B1E+05 

. 1 038E+05 

***BEAM  NO.  19*** 

LLoads 

17 

—.31 60E+03 

-. 9041E+02 

. 1094E+03 

. 2347E+02 

- . 664BE+03 

-. 5824E+02 

LLoads 

18 

.31 60E+03 

. 9041E+02 

-. 1 094E+03 

— . 2347E+02 

-. 4834E+03 

-.891 1E+03 

Stress 

17 

. 1 644E+03 

-. 1 068E+03 

. 1 292E+03 

-. 1 023E+02 

. 37B7E+02 

. 4323E+03 

Stress 

18 

.  1644E+03 

— . 1068E+03 

. 1 292E+03 

-. 1 023E+02 

— . 5794E+03 

—.31 43E+03 

*  *  *BEAM  NO.  20*** 

LLoads 

18 

— . 3160E+03 

— . 9041E+02 

. 1 094E+03 

. 2347E+02 

. 4B34E+03 

. 89 1 1 E+03 

LLoads 

19 

. 3160E+03 

. 904 1E+02 

-. 1094E+03 

- . 2347E+02 

-. 1 632E+04 

-. 1 840E+04 

Stress 

18 

.  1644E+03 

— . 1068E+03 

. 1292E+03 

-. 1023E+02 

-. 5794E+03 

-. 3143E+03 

Stress 

19 

. 1644E+03 

-. 106BE+03 

. 1 292E+03 

-. 1023E+02 

-. 1 197E+04 

-. 1061E+04 

***BEAM  NO.  21*** 

LLoads 

17 

. 1 536E+03 

. 3055E+03 

-. 1 340E+03 

. 2569E+04 

. 1 3B2E+04 

. 3737E+04 

LLoads 

14 

1 536E+03 

— . 3055E+03 

. 1340E+03 

— . 2569E+04 

. 90B8E+03 

. 1 485E+04 

Stress 

17 

— . 7993E+02 

. 3609E+03 

-. 1 583E+03 

-. 1 1 19E+04 

- . 2430E+04 

-. B9B8E+03 

Stress 

14 

— . 7993E+02 

. 3609E+03 

— . 1 583E+03 

-. 1 1 19E+04 

. 9659E+03 

. 5909E+03 

***BEAM  NO.  22*** 

LLoads 

14 

. 1 536E+03 

. 3055E+03 

-. 1 340E+03 

. 2569E+04 

— . 9087E+03 

-. 1 4B5E+04 

LLoads 

1 1 

— . 1 536E+03 

— . 3055E+03 

. 1 340E+03 

-. 2569E+04 

. 3200E+04 

. 670BE+04 

Stress 

14 

— . 7992E+02 

. 3609E+03 

-. 1583E+03 

-. Ill 9E+04 

. 9659E+03 

. 5909E+03 

Stress 

11 

- . 7992E+02 

. 3609E+03 

-. 15B3E+03 

-. 1 1 19E+04 

. 4362E+04 

. 2081E+04 

*  *  *BEAM  NO.  23*** 

LLoads 

17 

—.51 85E+03 

— . 6261E+03 

. 478 1 E+0 1 

. 2980E- 14 

-. 1733E+02 

- . 2269E+04 

LLoads 

22 

.51 85E+03 

. 6261E+03 

— . 4781E+01 

— . 2980E— 1 4 

. 1650E-12 

-. 6434E-10 

Stress 

17 

. 2592E+03 

-. 3694E+03 

.2821 E+0 1 

-. 3576E-13 

. 1 702E+04 

. 1 039E+03 

Stress 

22 

. 2592E+03 

-. 3694E+03 

.2821 E+0 1 

-. 3576E-13 

— . 4825E— 10 

. 9890E-12 

*  *  *BEAM  NO.  24*** 

LLoads 

17 

. 51B5E+03 

. 1613E+04 

-.  1647E+01 

- . 29B0E- 1 4 

. 5972E+0 1 

. 5847E+04 

LLoads 

23 

-. 5185E+03 

-.161 3E+04 

. 1 647E+01 

. 2980E- 1 4 

. 10B5E-12 

. 1757E-10 

Stress 

17 

-. 2592E+03 

. 95 1 6E+03 

-. 9720E+00 

. 3576E- 1 3 

- . 4385E+04 

-. 3580E+02 

Stress 

23 

-. 2592E+03 

. 95 1 6E+03 

9720E+00 

. 3576E- 1 3 

. 1317E-10 

. 6503E- 1 2 

*  *  *BEAM  NO.  25*** 

LLoads 

19 

-.4820E+03 

- . 5494E+03 

-. 4920E+02 

-. 1547E-14 

. 17B3E+03 

-. 1991E+04 

LLoads 

24 

. 4B20E+03 

. 5494E+03 

. 4920E+02 

. 1547E-14 

-. 1309E-1 1 

. 872BE-10 

Stress 

19 

.  24 1 0E+03 

- .  324 1  E-*-03 

-. 2903E+02 

. 1B56E-13 

. 1 494E+04 

-. 1 069E+04 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  Is  FI  Cylinder  Load  Only 


LLoads  Node 
/Stress 


Axial 


Y-Shear 


Z-Shear 


Torsion  Y-Bending  Z-Bending 


Stress 

24 

. 24 1 0E+03 

— . 324 1E+03  -. 

2903E+02 

. 1856E-13 

.6546E-10 

- . 7847E- 1 1 

***BEAM 

NO.  2, 

6*** 

LLoads 

19 

. 4B20E+03 

. 1434E+04  -. 

3775E+02 

. 1547E-14 

. 1 368E+03 

.51 98E+04 

LLoads 

25 

-. 4B20E+03 

— . 1434E+04  . 

3775E+02 

1547E-14 

-. 2326E-12 

. 5B67E- 1 1 

Stress 

19 

2410E+03 

. 8460E+03  — . 

2227E+02 

1856E-13 

— . 3898E+04 

-. 8204E+03 

Stress 

25 

- . 24 1 0E+03 

. 8460E+03  — . 

2227E+02 

1B56E-13 

. 4400E-1 1 

-. 1394E-1 1 
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=  Copyright  (c)  1984  Celestial  Software  Inc.  * 

SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  Is  FI  Cylinder  Load  Only 


MAXIMUM  STRESS  SUMMARY  FOR  BEAMS/TRUSSES 
WITHIN  SPECIFIED  RANGE  1-  26 


Maximum  (absolute)  Stress  =  . 2372E+05  at  BEAM  15 

Beam  Axial  Y-Shear  Z-Shear  Torsion  Y-Bending 

15  . S254E+03  -.6275E+04  -.3844E+04  . 2372E+05  . 1924E+05 


Z-Bend i ng 


. 2023E+05 


j 
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Celestial  Software  Inc. 


SOLVE  REACTIONS  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  IsFl  Cylinder  Load  Only 

REACTIONS 


Node 

F:; 

Fy 

Fz 

M:< 

My 

Mz 

1 

3036E+04 

. 7597E+04 

.  6345E+04 

. OOOOE+OO 

1 444E+05 

. 9509E+04 

O 

.  3041E+04 

•7492E+04 

. 6254E+04 

.  OOOOE+OO 

. 1 396E+05 

-. 7177E+04 

4mm. 

.  4781E+01 

-. 6261E+03 

-.51 B5E+03 

. OOOOE+OO 

. 0000E+00 

. OOOOE+OO 

23 

.  1 647E  +  0 1 

. 161 3E  +  04 

-. 51B5E+03 

. 0000E+00 

. OOOOE+OO 

. OOOOE+OO 

24 

-. 4920E+02 

-. 5494E+03 

-. 4820E+03 

. 0000E+00 

. 0000E+00 

. OOOOE+OO 

25 

.  3775E+02 

. 1 434E+04 

-. 4B20E+03 

. OOOOE+OO 

. OOOOE+OO 

. 0000E+00 

\N  y</ 

ft  ' 


I 
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G  E  S  3D 
Cel  est  i  al 


Software 


SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  2:F2  Cylinder  Load  Only 

BEAM  LOADS  AND/OR  STRESSES 


LLoads  Node 
/Stress 


Axial 


Y-Shear 


Z-Shear  Torsion  Y-Bending  Z-Bending 


♦♦♦BEAM  NO. 

1  ♦  ♦  ♦ 

LLoads 

20 

. 1465E-12 

1962E- 10 

. 3477E- 1 1 

— .  1 665E- 1 3 

-. 740 IE- 10 

- . 5295E- 10 

LLoads 

17 

-. 1465E-12 

.  1962E -10 

— . 3477E- 1 1 

. 1665E-13 

. 5573E— 10 

— . 5312E-10 

Stress 

20 

-. 7625E-13 

2317E-10 

. 4107E-1 1 

. 7258E- 1 4 

. 3443E- 1 0 

. 4812E-10 

Stress 

17 

- . 7625E- 1 3 

2317E-10 

•4107E-11 

. 725BE- 14 

- . 3454E- 10 

. 3624E-10 

♦♦♦BEAM  NO. 

2**$ 

LLoads 

17 

. 1 122E+04 

. 684BE+03 

-. 1532E+04 

.  1171E+04 

. 1 352E+05 

. 5370E+04 

LLoads 

15 

-. 1 122E+04 

— . 6848E+03 

. 1532E+04 

-.  1 171E+04 

. 2293E+04 

. 1 69BE+04 

Stress 

17 

-. 5836E+03 

. 8088E+03 

-. 1809E+04 

— . 5105E+03 

-. 3492E+04 

— . B788E+04 

Str  ess 

15 

— . 5836E+03 

. B088E+03 

-. 1 809E+04 

—.51 05E+03 

. 1 104E+04 

. 1491E+04 

♦♦♦BEAM  NO. 

3*»* 

LLoads 

15 

. 1 122E+04 

. 6848E+03 

-. 1 532E+04 

.  1 171E+04 

- . 2293E+04 

-. 1 69BE+04 

LLoads 

12 

-.  1 122E+04 

— . 6848E+03 

. 1532E+04 

-. 1171E+04 

. 1B10E+05 

. B766E+04 

Stress 

1 5 

- . 5836E+03 

. 8088E+03 

-. 1B09E+04 

- . 5105E+03 

. 1 104E+04 

. 1491E+04 

Stress 

12 

— . 5836E+03 

. 80B8E+03 

-. 1B09E+04 

-. 5105E+03 

. 5700E+04 

. 1 177E+05 

♦♦♦BEAM  NO. 

4*** 

LLoads 

12 

. 1 122E+04 

. 6B48E+03 

-. 1 532E+04 

.  1171E+04 

-. 1810E+05 

- . B766E+04 

LLoads 

3 

-. 1 122E+04 

- . 6848E+03 

. 1532E+04 

-.  1 171E+04 

. 27B0E+05 

. 1310E+05 

Stress 

12 

— . 5836E+03 

. 8088E+03 

-. 1809E+04 

—.51 05E+03 

. 5700E+04 

. 1 177E+05 

Stress 

3 

-.5836E+03 

. 80B8E+03 

-. 1B09E+04 

- .  51 05E+03 

. B520E+04 

. 1 B0BE+05 

♦♦♦BEAM  NO. 

LLoads 

3 

-. 1 109E+05 

. 4431 E+04 

-. 3479E+04 

5523E+04 

. 1 449E+05 

. 3234E+05 

LLoads 

1 

. 1 109E+05 

-. 4431 E+04 

.  3479E+04 

. 5523E+04 

— . 3201E-09 

— . 1388E+05 

Stress 

3 

. 5770E+04 

. 5233E+04 

— . 4109E+04 

. 2407E+04 

— . 2103E+05 

-. 9424E+04 

Stress 

1 

. 5770E+04 

. 5233E+04 

-. 4109E+04 

.  2407E+04 

-. 9025E+04 

-. 20B1E-09 

♦♦♦BEAM  NO. 

6*$* 

LLoads 

21 

. 2023E- 1 2 

-. 4219E-10 

. 5202E-1 1 

. 2498E- 1 5 

-. 1450E-10 

-.  1 131E-09 

LLoads 

19 

-. 2023E-12 

. 4219E-10 

-. 5202E-1 1 

- .  2498E- 1 5 

-. 1429E-10 

-. 1 130E-09 

Stress 

21 

-. 1053E-12 

-. 49B3E-10 

. 6 1 44E- 1 1 

-. 10B9E-15 

. 7357E-10 

. 9429E- 1 1 

Stress 

19 

-. 1053E-12 

-. 49B3E-10 

.6144E-1 1 

-. 10B9E-15 

— . 7346E- 1 0 

-. 9289E-1 1 

♦♦♦BEAM  NO. 

7**$ 

LLoads 

19 

. 1 159E+04 

. 4779E+03 

. 1 206E+04 

- .  9602E+03 

-. 106BE+05 

. 26B6E+04 

LLoads 

16 

-.  1 1 59E  +04 

-. 4779E+03 

-. 1 206E+04 

.  9602E+03 

-. 1 767E+04 

. 2247E+04 

Stress 

19 

-. 6032E+03 

. 5645E+03 

. 1425E+04 

.  41B5E+03 

-. 1 747E+04 

. 6946E+04 

Stress 

16 

-. 6032E+03 

. 5645E+03 

. 1 425E+04 

.  41B5E+03 

. 1461E+04 

-. 1 1 49E+04 

♦♦♦BEAM  NO.  I 

♦  ♦ 

LLoads 

16 

. 1 1 59E+04 

. 4779E+03 

. 1206E+04 

— .  9602E+03 

.  1 767E+04 

- . 2247E+04 

LLoads 

13 

1 159E+04 

-. 4779E+G3 

-. 1 206E+04 

. 9602E+03 

-. 1421E+05 

.71 79E+04 

Stress 

16 

- . 6032E+03 

.  5645E+03 

. 1 425E+04 

.41  BSE +03 

. 1461E+04 

-. 1 149E+04 

Stress 

13 

6032E+03 

. 5645E+03 

.  1  425E  +  04 

.41 85E+03 

. 466BE+04 

-. 9243E+04 

nh.r 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/66 


LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  2:F2  Cylinder  Load  Only 


LLoads 

/Stress 

Node 

Axial 

Y-Shear 

Z-Shear 

Torsion 

Y-Bendi ng 

***BEAM  NO.  9*** 

LLoads 

13 

. U59E+04 

. 4779E+03 

. 1206E+04 

-. 9602E+03 

. 1421E+05 

LLoads 

1  1 

-. 1 159E+04 

-. 4779E+03 

-. 1 206E+04 

. 9602E+03 

— . 2185E+05 

Stress 

13 

— . 6032E+03 

.5645E+03 

. 1 425E+04 

.41  BSE +03 

. 466BE+04 

Stress 

1  1 

— . 6032E+03 

. 5645E+03 

. 1425E+04 

.41 85E+03 

. 6637E+04 

***BEAM  NO.  10**$ 

LLoads 

1  1 

1094E+05 

. 4438E+04 

. 3161E+04 

.61 13E+04 

-.  1317E+05 

LLoads 

2 

. 1 094E+05 

— . 4438E+04 

-. 3161E+04 

-.61 13E+04 

. 2666E-09 

Stress 

1 1 

. 5690E+04 

. 5242E+04 

. 3733E+04 

— . 2664E+04 

-. 1B83E+05 

Stress 

2 

. 5690E+04 

.  5242E+04 

. 3733E+04 

-. 2664E+04 

-. 6B12E+04 

***BEAM  NO.  11*** 

LLoads 

3 

— .  3746E+04 

. 1221E+05 

-. 1 947E+04 

-. 4229E+05 

. 6694E+04 

LLoads 

4 

. 3746E+04 

-. 1221E+05 

. 1947E+04 

. 4229E+05 

-. 1582E+04 

Stress 

3 

. 1949E+04 

. 1442E+05 

— . 2300E+04 

. 1 B43E+05 

-. 2955E+05 

Stress 

4 

. 1949E+04 

. 1 442E+05 

-. 2300E+04 

. 1843E+05 

-. B706E+04 

*  *  *BEAM  NO.  12 

*** 

LLoads 

4 

-. 3746E+04 

. 1221E+05 

1947E+04 

- . 4229E+05 

. 15B2E+04 

LLoads 

5 

. 3746E+04 

-. 1221E+05 

. 1947E+04 

. 4229E+05 

. 3530E+04 

Stress 

4 

. 1949E+Q4 

. 1442E+05 

-. 2300E+04 

. 1B43E+05 

- . 8706E+04 

Stress 

5 

. 1949E+04 

. 1442E+05 

-. 2300E+04 

. 1B43E+05 

. 1214E+05 

*  *  * BEAM  NO.  13*** 

LLoads 

5 

-. 3746E+04 

.  1 22 1  E-K>5 

-. 1947E+04 

-. 4229E+05 

— . 3530E+04 

LLoads 

6 

. 3746E+04 

-. 1221E+05 

. 1947E+04 

. 4229E+05 

. B642E+04 

Stress 

5 

. 1 949E+04 

. 1442E+05 

-. 2300E+04 

. 1 B43E+05 

. 1214E+05 

Stress 

6 

. 1949E+04 

. 1442E+05 

— . 2300E+04 

. 1 B43E+05 

. 3298E+05 

***BEAM  NO.  14*** 

LLoads 

6 

— . 3746E+04 

. 1221E+05 

-. 1 947E+04 

-. 4229E+05 

- . 8642E+04 

LLoads 

7 

. 3746E+04 

-. 1221E+05 

. 1 947E+04 

. 4229E+05 

. 1 375E+05 

Stress 

6 

. 1205E+04 

. 8914E+04 

-. 1422E+04 

. 2178E+05 

. 1721E+05 

Stress 

7 

. 1205E+04 

. B9 1 4E+04 

1422E+04 

. 217BE+05 

. 2809E+05 

*  *  *BEAM  NO.  15*** 

LLoads 

7 

- .  3746E+04 

-. 1255E+05 

. 1532E+04 

. 4435E+05 

-. 1 375E+05 

LLoads 

8 

. 3746E+04 

. 1255E+05 

-. 1532E+04 

-. 4435E+05 

. 9733E+04 

Stress 

7 

. 1 205E+04 

-. 9159E+04 

.  1 1 1BE+04 

-. 2284E+05 

. 2809E+05 

Stress 

8 

. 1205E+04 

-. 9159E+04 

.  1 1  1 8E+04 

— . 2284E+05 

. 169 IE +05 

*  *  *BEAM  NO.  16*** 

LLoads 

8 

- . 37  46E+04 

-. 1255E+05 

. 1532E+04 

. 4435E+05 

-. 9733E+04 

LLoads 

9 

. 3746E+04 

. 1 255E+05 

-. 1 532E+04 

- . 4435E+05 

. 5713E+04 

Stress 

B 

. 1 949E+04 

-. 1482E+05 

. 1809E+04 

-. 1933E+05 

. 3241E+05 

Stress 

9 

. 1 949E+04 

-. 1 4B2E+05 

.  1  B09E+04 

— . 1 933E+05 

. 1099E+05 

*  *  *BEAM  NO.  17*** 

LLoads 

9 

-.  3746E+04 

-. 1 255E+05 

. 1 532E+04 

. 4435E+05 

5713E+04 

Z-Bendi  ng 


. 7179E+04 
. 1021E+05 
. 9243E+04 
. 1421E+05 

. 2897E+05 
. 104BE+05 
. B562E+04 
. 1 734E-09 

. 4544E+05 
. 1339E+05 
. 4353E+04 
. 1029E+04 

. 1339E+05 
. 1B66E+05 
. 1029E+04 
. 2295E+04 

. 1 B66E+05 
. 5072E+05 
. 2295E+04 
. 56 1 9E+04 

. 5072E+05 
. B277E+05 
. 4446E+04 
. 7076E+04 

. B277E+05 
. 49B4E+05 
. 7076E+04 
. 5007E+04 

. 49B4E+05 
.  1690E+05 
. 6329E+04 
. 3715E+04 

. 1690E+05 
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SOLVE  BEAM  LOADS /STRESSES  Version  1.3  03/01/86 


LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  2:F2  Cylinder  Load  Only 


LLoads 

Node 

Ax  i  al 

Y-Shear 

2-Shear 

Torsion 

Y-Bendi ng 

/Stress 

LLoads 

10 

. 3746E+04 

. 1 255E+05 

-. 1 532E+04 

— . 4435E+05 

. 1693E+04 

Stress 

9 

. 1949E+04 

-. 1 4B2E+05 

. 1B09E+04 

-. 1 933E+05 

. 1099E+05 

Stress 

10 

. 1949E+04 

1 482E+05 

.  1809E+04 

-. 1933E+05 

-. 1042E+05 

*  *  * BEAM  NO.  18*** 

LLoads 

10 

— . 3746E+04 

-. 1255E+05 

. 1532E+04 

. 4435E+05 

-. 1 693E+04 

LLoads 

11 

. 3746E+04 

. 1 255E+05 

-. 1532E+04 

-. 4435E+05 

— . 232BE+04 

Stress 

10 

. 1949E+04 

1482E+05 

. 1B09E+04 

-. 1933E+05 

-. 1042E+05 

Stress 

1 1 

. 1 949E+04 

-. 1 482E+05 

. 1 B09E+04 

-. 1933E+05 

-. 31B4E+05 

***BEAM  NO.  19*** 

LLoads 

17 

— . 4612E+03 

-. 1320E+03 

—.1 65 1 E+03 

-. 1 1B3E+03 

. 24B3E+04 

LLoads 

18 

.4612E+03 

. 1320E+03 

. 1651E+03 

. 1 183E+03 

— . 7491E+03 

Stress 

17 

. 2400E+03 

-. 1559E+03 

-. 1950E+03 

. 5157E+02 

. 5528E+02 

Stress 

18 

. 2400E+03 

-. 1559E+03 

-. 1950E+03 

•5157E+02 

— . 8458E+03 

***BEAM  NO.  20*** 

LLoads 

18 

— . 461 2E+03 

-. 1320E+03 

-. 1651E+03 

-.  1 1B3E+-03 

. 7491E+03 

LLoads 

19 

•4612E+03 

. 1320E+03 

. 1651E+03 

. 1183E+03 

. 984BE+03 

Stress 

18 

. 2400E+03 

-. 1 559E+03 

1950E+03 

. 5157E+02 

— . 8458E+03 

Stress 

19 

. 2400E+03 

1559E+03 

-. 1950E+03 

. 5157E+02 

-. 1747E+04 

***BEAM  NO.  21*** 

LLoads 

17 

. 2242E+03 

. 4460E+03 

. 4229E+03 

-. 19BBE+04 

— . 4179E+04 

LLoads 

14 

— . 2242E+03 

- . 4460E+03 

— . 4229E+03 

. 198BE+04 

— . 3050E+04 

Stress 

17 

—.11 67E+03 

.5267E+03 

. 4995E+03 

. P664E+03 

-. 3547E+04 

Stress 

14 

-. 1 167E+03 

. 5267E+03 

. 4995E+03 

. 8664E+03 

. 1410E+04 

***BEAM  NO.  22*** 

LLoads 

14 

. 2242E+03 

. 4460E+03 

. 4229E+03 

-. 198BE+04 

. 3050E+04 

LLoads 

1 1 

— . 2242E+03 

-. 4460E+03 

— . 4229E+03 

. 1 98BE+04 

-. 1 028E+05 

Stress 

14 

-. 1 167E+03 

. 5268E+03 

.  4995E+-03 

. 8664E+03 

. 1410E+04 

Stress 

11 

-. 1 167E+03 

. 5268E+03 

.4995E+03 

. 8664E+03 

. 6367E+-04 

*  *  *BEAM  NO.  23*** 

LLoads 

17 

. B947E+03 

. 2B55E+04 

.71 1 1E+02 

. 6259E-14 

— . 2578E+03 

LLoads 

22 

— . B947E+03 

-. 2B55E+04 

—.711 1E+02 

-. 6259E-14 

. 3416E-1 1 

Stress 

17 

-. 4473E+03 

. 1 6B4E+04 

.41 96E+02 

-. 7509E-13 

-. 7761E+04 

Stress 

22 

— . 4473E+03 

. 1684E+04 

.41 96E+02 

- . 7509E- 1 3 

. 6276E- 1 1 

*  *  *BEAM  NO.  24*** 

LLoads 

17 

- . 8947E+03 

-. 1414E+04 

. 6173E+02 

-. 6259E-14 

-. 2238E+03 

LLoads 

23 

. B947E+03 

. 1414E+04 

-. 6173E+02 

. 6259E- 1 4 

. 9062E- 1 2 

Stress 

17 

. 4473E+03 

— . 8343E+03 

. 3642E+02 

. 7509E-13 

. 3845E+04 

Stress 

23 

. 4473E+03 

- . 8343E+03 

. 3642E+02 

. 7509E-13 

-. 3590E-1 1 

***BEAM  NO.  25*** 

LLoads 

19 

. 6856E+03 

. 2135E+04 

-.  1  174E+02 

-. 1249E-14 

. 4255E+02 

LLoads 

24 

— . 6856E+03 

-. 2135E+04 

. 1 174E+02 

. 1249E-14 

. 3979E- 1 2 

Stress 

19 

— . 342BE+03 

. 1 260E+04 

-. 6926E+01 

. 1499E-13 

— . 5B05E+04 

2-Bending 


. 1 603E+05 
. 3715E+04 
. 1 101E-+04 

. 1603E+05 
. 4896E+05 
. 1 101E+04 
. 1514E+04 

. B501E+02 
. 1301E+04 
. 1615E+04 
.4871E+03 

. 1301E+04 
. 26B6E+04 
. 487 1E+03 
. 6403E+03 

. 5455E+04 
. 2 1 68E+04 
. 271BE+04 
. 1 983E+04 

. 2168E+04 
. 9791E+04 
. 1 983E+04 
. 66B4E+04 

. 1035E+05 
. 8368E-1 1 
.  1 545E+04 
. 204BE- 10 

. 5126E+04 
. 4787E-1 1 
. 1 342E+04 
. 5433E-1 1 

. 7740E+04 
. 2165E-10 
. 255 IE +03 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  2:F2  Cylinder  Load  Only 

LLoads  Node  Axial  Y-Shear  Z-Shear  Torsion  Y-Bending  Z-Bendino 

/Stress 


Stress 

24 

3428E+03 

. 1260E+04  -. 

6926E+01 

.  1499E-13 

-. 1623E-10 

. 2386E-1 1 

***BEAM 

NO.  2 

6*** 

LLoads 

19 

— . 6S56E+03 

-. B441E+03  . 

4967E+01 

.  1249E-14 

-.  1 800E+02 

— . 3060E+04 

LLoads 

25 

. 6856E+03 

. B441E+03  -• 

4967E+01 

-.  1249E-14 

- . 9332E- 1 2 

. 1 126E-09 

Stress 

19 

. 3428E+03 

-. 4980E+03  . 

2930E+0 1 

-.  1499E-13 

. 2295E+04 

. 1079E+03 

Stress 

25 

. 342BE+03 

- . 49B0E+03  . 

2930E+01 

-.  1499E-13 

. B447E- 1 0 

— . 5595E- 1 1 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Trai 1  Diaphragm  —  3/3/87  re-design 
Load  Case  2:F2  Cylinder  Load  Only 

MAXIMUM  STRESS  SUMMARY  FOR  BEAMS/TRUSSES 
WITHIN  SPECIFIED  RANGE  1-  26 

Maximum  (absolute)  Stress  =  . 3298E+05  at  BEAM  13 

Beam  Axial  Y-Shear  Z-Shear  Torsion  Y-Bending 


Z-Bend  l  ng 


V 
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SOLVE  REACTIONS  Version  1.3 

LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  2:F2  Cylinder  Load  Only 

REACTIONS 

Node  Fx  Fy  Fs  Mx 


03/01/86 


vV 

Node 

V.‘ 

— 

£ 

1 

2 

22 

23 

,  4431E+04 
,  443BE+04 
,711 1E+02 
6173E+02 
1 174E+02 
4967E+0 1 


1109E+05 
1 094E+05 
2B55E+04 
1414E+04 
2135E+04 
8441E+03 


.  3479E+04 
3161E+04 
,  8947E-*-03 
B947E+03 
,  6B56E+03 
6856E+03 


. OOOOE+OO 
. OOOOE+OO 
. OOOOE+OO 
. OOOOE+OO 
. OOOOE+OO 
. OOOOE+OO 


. 5523E+04 
-.61 13E+04 
. 0000E+00 
. OOOOE+OO 
. 0000E+00 
. 0000E+00 


. 1 388E+05 
1 048E+05 
. 0000E+00 
. OOOOE+OO 
. OOOOE+OO 
. OOOOE+OO 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01 /B6 


LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  3: FI  +  F2  Cylinder  Loads 

BEAM  LOADS  AND/OR  STRESSES 


LLoads 

Node 

Ax  i  a  1 

Y-Shear 

Z-Shear 

Torsion 

Y-Bendi ng 

Z-Bendi ng 

/Stress 

***BEAM  NO. 

1*** 

LLoads 

20 

.3122E-12 

— . 2442E-10 

. B651E-1 1 

.  5962E- 1 3 

— . 2320E- 1 0 

-. 6535E-10 

LLoads 

17 

3122E-12 

. 2442E-10 

— . 8651E-1 1 

— .  5962E— 1 3 

— . 2303E— 10 

-. 6537E-10 

Stress 

20 

1624E-12 

— . 2B84E— 10 

. 1022E-10 

- . 2598E- 1 3 

. 4250E-10 

. 1509E-10 

Stress 

17 

-. 1624E-12 

— . 2B84E-10 

. 1022E-10 

— .  259SE-13 

-. 425 IE- 10 

-. 149BE-10 

*#*BEAM  NO. 

2*** 

LLoads 

17 

. 1890E+04 

. 1 154E+04 

— . 7100E+03 

- . 9B09E+03 

. 6588E+04 

. 9049E+04 

LLoads 

15 

1 B90E+04 

-. 1 154E+04 

. 7100E+03 

. 9B09E+03 

.7411 E+03 

. 2862E+04 

Stress 

17 

9834E+03 

. 1 363E+04 

83B6E+03 

. 4275E+03 

-. 5884E+04 

-. 42B4E+04 

Stress 

15 

9B34E+03 

. 1 363E+04 

— . B3B6E+03 

. 4275E+03 

. 1B61E+04 

. 4B19E+03 

***BEAM  NO. 

3*** 

LLoads 

15 

. 1 890E+04 

. 1 1 54E+04 

- . 71 00E+03 

-.  9B09E+03 

-.741 1 E+03 

— . 2862E+04 

LLoads 

12 

1890E+04 

1 154E+04 

.71 00E+03 

.  9809E+03 

. 8069E+04 

. 1 477E+05 

Stress 

15 

- . 9834E+03 

. 1363E+04 

-. 8386E+03 

. 4275E+03 

. 1B61E+04 

. 4819E+03 

Stress 

12 

— . 9834E+03 

. 1363E+04 

-. 0386E+O3 

.  4275E+03 

. 9605E+04 

. 5247E+04 

***BEAM  NO. 

4*** 

LLoads 

12 

. 1 890E+04 

. 1 154E+04 

—.7 100E+03 

— .  9809E+03 

— . 8069E+04 

-. 1 477E+05 

LLoads 

-. 1 B90E+04 

-. 1 154E+04 

. 7100E+03 

. 9B09E+03 

. 1 257E+05 

. 2208E+05 

Stress 

12 

- . 9834E+03 

. 1363E+04 

— . B386E+03 

.4275E+03 

. 9605E+04 

. 5247E+04 

Stress 

3 

— . 9834E+03 

. 1 363E+04 

— . B386E+03 

. 4275E+03 

. 1 436E+05 

. 8171E+04 

**¥BEAM  NO.  ! 

5*** 

LLoads 

3 

— . 1 869E+05 

. 7467E+04 

.2643E+04 

. B793E+04 

-. 1 101E+05 

. 5449E+05 

LLoads 

i 

. 1869E+05 

7467E+04 

2643E+04 

— . 8793E+04 

-.6B41E-09 

— . 2339E+05 

Stress 

3 

. 9723E+04 

. 8B19E+04 

. 31 22E+04 

— . 3832E+04 

— . 3543E+05 

. 7 1 6 1E+04 

Stress 

1 

. 9723E+04 

. 8819E+04 

. 3122E+04 

— . 3832E+04 

-. 1521E+05 

-. 4448E-09 

***BEAM  NO.  ( 

LLoads 

21 

. 2971E-12 

-. 2202E-10 

.41 49E- 1 1 

-. 1787E-13 

-. 1 138E-10 

- . 5B05E- 1 0 

LLoads 

19 

- . 297 1 E- 1 2 

. 2202E-10 

-. 4149E-1 1 

. 17S7E-13 

-. 1 144E-10 

-. 5790E-10 

Stress 

21 

1546E-12 

-. 260 IE- 10 

. 4901E-1 1 

. 7790E- 1 4 

. 3775E- 1 0 

. 7401E-11 

Stress 

19 

1546E-12 

-. 260 IE- 10 

. 4901 E- 1 1 

. 7790E— 1 4 

- . 3765E- 1 0 

- . 7440E- 1 1 

***BEAM  NO. 

7*** 

LLoads 

19 

. 1953E+04 

. B053E+03 

. 4987E+03 

. 9354E+03 

-. 4B41E+04 

. 4527E+04 

LLoads 

16 

1 953E+04 

— . 8053E+03 

— . 4987E+03 

-.  9354E+03 

— . 3064E+03 

. 37B6E+04 

Stress 

19 

1016E+04 

. 95 1 2E+03 

. 5B90E+03 

-.  4077E+03 

-. 2944E+04 

. 314BE+04 

Stress 

16 

1016E+04 

. 9512E+03 

. 5890E+03 

-.  4077E+03 

. 2462E+04 

-. 1 993E+03 

***BEAM  NO.  1 

LLoads 

16 

. 1 953E+04 

. 8053E+03 

. 4987E+03 

. 9354E+03 

. 3064E+03 

- . 37B6E+04 

LLoads 

13 

-. 1 953E+04 

-. 8053E+03 

— . 4987E+03 

-. 9354E+03 

-. 5453E+04 

. 1210E+05 

Stress 

16 

-. 1016E+04 

. 9512E+03 

. 5890E+03 

-. 4077E+03 

. 2462E+04 

-. 1 993E+03 

Stress 

13 

- . 1016E+04 

. 9512E+03 

. 5B90E+03 

-. 4077E+03 

. 7B67E+04 

-. 3546E+04 
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-i  J 


LTHD  Trai 1  Diaphragm  —  3/3/B7  re-design 
Load  Case  3: FI  +  F2  Cylinder  Loads 


LLoads 

Node 

A>:i  al 

Y-Shear 

Z-Shear 

Torsi  on 

Y-Bendi ng 

Z— Bendi ng 

/Stress 

***BEAM  NO. 

9*** 

LLoads 

13 

. 1953E+04 

. 8053E+03 

. 49B7E+03 

. 9354E+03 

. 5453E+04 

-. 1210E+05 

LLoads 

1 1 

-. 1953E+04 

— . 8053E+03 

-. 4987E+03 

-. 9354E+03 

-. B612E+04 

. 1 720E+05 

Stress 

13 

-. 1016E+04 

.9512E+03 

. 5B90E+03 

-. 4077E+03 

. 7867E+04 

-. 3546E+04 

Stress 

1 1 

-. 1016E+04 

. 9512E+03 

. 5S90E+03 

-. 4077E+03 

. 1 1 18E+05 

-. 5600E+04 

***BEAM  NO.  10*** 

LLoads 

1 1 

-. 1 843E+05 

. 7479E+04 

— . 291BE+04 

— . 7599E+04 

. 1216E+05 

. 4881E+05 

LLoads 

2 

. 1 843E+05 

-. 7479E+04 

. 29 1 BE+04 

. 7599E+04 

— . 2509E— 09 

-. 1 765E+05 

Stress 

ii 

. 9589E+04 

. B833E+04 

— . 3446E+04 

. 3312E+04 

— . 3174E+05 

- . 7904E+04 

Stress 

*-) 

. 95B9E+04 

. B833E+04 

-. 3446E+04 

. 3312E+04 

-. 1 14BE+05 

-. 1631E-09 

***BEAM  NO.  11*** 

LLoads 

3 

— . 6313E+04 

. 2058E+05 

. 3354E+04 

-. 1554E+04 

— . 9774E+04 

. 765BE+05 

LLoads 

4 

. 6313E+04 

-. 2058E+05 

-. 3354E+04 

. 1554E+04 

. 9706E+03 

-. 2256E+05 

Stress 

3 

. 3285E+04 

. 2430E+05 

. 396 1E+04 

•6771E+03 

— . 4979E+05 

. 6355E+04 

Stress 

4 

. 3285E+04 

. 2430E+05 

.3961E+04 

. 6771E+03 

-. 1 467E+05 

.63 11 E+03 

***BEAM  NO.  I! 

2*** 

LLoads 

4 

— . 6313E+04 

. 2058E+05 

. 3354E+04 

-.  1554E+04 

— . 9706E+03 

. 2256E+05 

LLoads 

5 

. 63 1 3E+04 

-. 2058E+05 

— . 3354E+04 

. 1554E+04 

— . 7832E+04 

. 3145E+05 

Stress 

4 

. 3285E+04 

. 2430E+05 

. 3961E+04 

.6771E+03 

-. 1 467E+05 

. 631 1E+03 

Stress 

5 

. 3285E+04 

. 2430E+05 

. 3961E+04 

. 677 1 E+03 

. 2045E+05 

— . 5093E+04 

***BEAM  NO.  i: 

3*** 

LLoads 

5 

-. 6313E+04 

. 205BE+05 

. 3354E+04 

-. 1554E+04 

. 7832E+04 

-.31 45E+05 

LLoads 

6 

. 63 1 3E+04 

— . 2058E+05 

— . 3354E+04 

. 1554E+04 

-. 1 664E+05 

. 8546E+05 

Stress 

5 

. 32B5E+04 

. 2430E+05 

. 3961E+04 

.6771 E+03 

. 2045E+05 

-. 5093E+04 

Stress 

6 

. 32B5E+04 

. 2430E+05 

.  3961E^-04 

.6771 E+03 

. 5557 E +05 

-. 1082E+05 

*  *  * BEAM  ND.  14*** 

LLoads 

6 

— . 6313E+04 

. 2058E+05 

. 3354E+04 

-. 1 554E+04 

. 1664E+05 

-. 8546E+05 

LLoads 

7 

. 6313E+04 

-. 205BE+05 

-. 3354E+04 

. 1554E+04 

— . 2544E+05 

. 1 395E+06 

Stress 

6 

. 2030E+04 

. 1502E+05 

. 2448E+04 

• 80U2E+03 

. 2900E+05 

- . 8558E+04 

Stress 

7 

. 2030E+04 

. 1 502E+05 

. 244BE+04 

. 8002E+03 

. 4733E+05 

-. 1 309E+05 

***BEAM  NO.  15*** 

LLoads 

7 

-. 6313E+04 

-.21 14E+05 

-. 3765E+04 

. 2956E+04 

. 2544E+05 

-. 1 395E+06 

LLoads 

B 

. 63 1 3E+04 

.21 14E+05 

. 3765E+04 

- . 2956E+04 

-. 1555E+05 

. B398E+05 

Stress 

7 

. 2030E+04 

-. 1543E+05 

- . 2749E+04 

-. 1 523E+04 

. 4733E+05 

— . 1 309E+05 

Stress 

8 

. 2030E+04 

— . 1 543E+05 

— . 2749E+04 

-. 1 523E+04 

. 2850E+05 

-. 8002E+04 

*  *  *BEAM  ND.  16*** 

LLoads 

B 

-. 6313E+04 

—.21 14E+05 

— . 3765E+04 

. 2956E+04 

. 1555E+05 

-. 8398E+05 

LLoads 

9 

. 6313E+04 

. 21 14E+05 

. 3765E+04 

- . 2956E+04 

— . 5669E+04 

. 2B49E+05 

Stress 

B 

. 32B5E+04 

-. 2497E+05 

— . 4448E+04 

-. 1 288E+04 

. 546 1 E+05 

-. 101 1 E+05 

Stress 

9 

. 3285E+04 

-. 2497E+05 

-. 444BE+04 

-. 1 2BBE+04 

. 1 B52E+05 

— . 36B6E+04 

***BEAM  NO.  17*** 

LLoads 

9 

— . 6313E+04 

-. 21 14E+05 

- . 3765E+04 

. 2956E+04 

. 5669E+04 

-. 2B49E+05 
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LTHD  Trail  Diaphragm  —  3/3/87  re-design 
Load  Case  3: FI  +  F2  Cylinder  Loads 


LLoads 

Node 

Ax  i  a  1 

\ -Shear 

Z-Shear 

Torsion 

Y-Bendi ng 

Z-Bend i ng 

/Stress 

LLoads 

10 

. 6313E+04 

. 21 14E+05 

. 3765E+04 

-. 2956E+04 

. 42 1 5E+04 

-. 2701E+05 

Stress 

9 

. 32B5E+04 

— . 2497E+05 

- . 4448E+04 

-. 12B8E+04 

. 1 B52E+05 

— . 3686E+04 

Stress 

10 

. 3285E+04 

— . 2497E+05 

-. 4448E+04 

-. 1 28BE+04 

-. 1756E+05 

. 2741E+04 

***BEAM  NO.  18*** 

LLoads 

10 

— . 6313E+04 

-.21 14E+05 

— . 3765E+04 

. 2956E+04 

- . 42 1 5E+04 

. 2701E+05 

LLoads 

1 1 

. 63 1 3E+04 

.21 14E+05 

. 3765E+04 

— . 2956E+04 

. 1410E+05 

— . 8251 E+05 

Stress 

10 

. 3285E+04 

- . 2497E+05 

— . 444BE+04 

-. 12B8E+04 

-. 1756E+05 

. 2741E+04 

Stress 

1 1 

. 3285E+04 

— . 2497E+05 

-. 4448E+04 

-. 1 288E+04 

-. 5365E+05 

. 91 68E+04 

***BEAM  NO.  19*** 

LLoads 

17 

— . 7772E+03 

-. 2224E+03 

-. 7634E+02 

-. 1 125E+03 

. 21 7BE+04 

-. 1 432E+03 

LLoads 

18 

. 7772E+03 

. 2224E+03 

. 7634E+02 

. 1 125E+03 

-. 1377E+04 

-. 2192E+04 

Stress 

17 

. 4044E+03 

— . 2627E+03 

— . 9016E+02 

. 4901E+02 

. 9315E+02 

-. 1416E+04 

Stress 

18 

. 4044E+03 

— . 2627E+03 

-. 9016E+02 

. 4901E+02 

-. 1 425E+04 

— . 8953E+03 

*  *  *BEAM  NO.  20*** 

LLoads 

18 

-. 7772E+03 

-. 2224E+03 

— . 7634E+02 

-. 1 125E+03 

. 1377E+04 

. 2192E+04 

LLoads 

19 

. 7772E+03 

. 2224E+03 

. 7634E+02 

.  U25E+03 

— . 5753E+03 

— . 4527E+04 

Stress 

18 

. 4044E+03 

-. 2627E+03 

— . 9016E+02 

. 4901E+02 

-. 1425E+04 

-. B953E+03 

Stress 

19 

. 4044E+03 

-. 2627E+03 

-. 9016E+02 

. 4901E+02 

— . 2944E+04 

-. 3741E+03 

***BEAM  NO.  21*** 

LLoads 

17 

. 377BE+03 

. 7515E+03 

.3492E+03 

. 39B6E+03 

— . 3390E+04 

. 9 1 92E+04 

LLoads 

14 

— . 3778E+03 

— . 7515E+03 

- . 3492E+03 

— . 39B6E+03 

— . 2579E+04 

. 3654E+04 

Stress 

17 

-. 1966E+03 

. B876E+03 

.41 24E+03 

-. 1737E+03 

— . 5977E+04 

. 2204E+04 

Stress 

14 

-. 1966E+03 

. 8876E+03 

.41 24E+03 

-. 1737E+03 

. 2376E+04 

-. 1677E+04 

***BEAM  NO.  22 

*»* 

LLoads 

14 

. 377BE+03 

•7515E+03 

. 3492E+03 

. 39B5E+03 

. 2579E+04 

— . 3654E+04 

LLoads 

11 

-. 377BE+03 

— . 75 1 5E+03 

— . 3492E+03 

- . 39B5E+03 

— . B547E+04 

. 1650E+05 

Stress 

14 

— . 1966E+03 

. 8876E+03 

.41 24E+03 

-. 1737E+03 

. 2376E+04 

-. 1 677E+04 

Stress 

1 1 

-. 1966E+03 

. BB76E+03 

. 4124E+03 

— . 1 737E+03 

. 1073E+05 

- . 5558E+04 

***BEAM  NO.  23*** 

LLoads 

17 

. 49 1 4E+03 

. 2510E+04 

. 8654E+02 

. 1325E-14 

-. 3137E+03 

. 9097E+04 

LLoads 

22 

-. 4914E+03 

-. 2510E+04 

-. 8654E+02 

-. 1325E-14 

— . 4376E-1 1 

-. 3819E-10 

Stress 

17 

-. 2457E+03 

. 14B1E+04 

.51 06E+02 

-. 1590E-13 

- . 6B23E+04 

. 1881E+04 

Stress 

22 

-. 2457E+03 

. 14B1E+04 

.51 06E+02 

-. 1590E-13 

— . 2864E-10 

-. 2623E-10 

*  *  *BEAM  NO.  24*** 

LLoads 

17 

-. 4914E+03 

— . 8214E+02 

. 7073E+02 

-. 1325E-14 

— . 2564E+03 

-. 2978E+03 

LLoads 

23 

. 4914E+03 

. B214E+02 

-. 7073E+02 

. 1325E-14 

-. 2304E-12 

-. 2464E-10 

Stress 

17 

. 2457E+03 

-. 4846E+02 

. 4173E+02 

. 1590E-13 

. 2233E+03 

. 1537E+04 

Stress 

23 

. 2457E+03 

-. 4B46E+02 

.41 73E-*-02 

. 1590E-13 

-. 184BE-10 

-. 13B1E-1 1 

***BEAM  NO.  25*** 

LLoads 

19 

. 2875E+03 

.  1771E+04 

-. 6374E+02 

. 1 141E-13 

.231 1E+03 

. 6420E+04 

LLoads 

24 

-. 2875E+03 

-. 1771E+04 

. 6374E+02 

-. 1 141E-13 

— . 2634E- 1 2 

-. 1679E-10 

Stress 

19 

-. 1438E+03 

. 1045E+04 

-. 3761E+02 

-. 1369E-12 

-. 4B15E+04 

-. 1385E+04 
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LTHD  Trail  Diaphragm  —  3/3/87  re-design 


Load  Case  3: FI  +  F2  Cylinder  Loads 


LLoads  Node 
/Stress 


A::  i  al 


Y-Shear  Z-Shear  Torsion  Y-Bending  Z-Bending 


Stress  24  -. 143BE+03  . 1045E+04  -.3761E+02  1369E-12  1259E-10  -. 1579E-1 1 

***BEAM  NO.  26*** 

LLoads  19  -.2875E+03  . 4047E+03  3559E+02  -.1141E-13  . 1290E+03  .  1467E+04 

LLoads  25  . 2B75E+03  -.4047E+03  . 3559E+02  .  1141E-13  .  1660E-11  -.7746E-10 

Stress  19  . 1438E+03  . 238BE+03  -. 2100E+02  . 1369E-12  -.1100E+04  -.7735E+03 

Stress  25  .  143BE+03  . 23BBE+03  -.2100E+02  .1369E-12  -.5B09E-10  . 9952E-11 
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•S  LTHD  Trail  Diaphragm  —  3/3/87  re-design 

V 

Load  Case  3:F1  +  F2  Cylinder  Loads 
5  REACTIONS 


Node 

Fx 

Fy 

Fz 

Mx 

My 

Ms 

& 

1 

-.  7467E+04 

. 1 B69E+05 

. 2643E+04 

. OOOOE+OO 

— . 8793E+04 

. 2339E+05 

9 

. 7479E+04 

. 1 B43E+05 

.2918E+04 

. 0000E+00 

. 7599E+04 

-. 1765E+05 

oo 

. B654E+02 

. 2510E+04 

.4914E+03 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

23 

— . 7073E+02 

— . B214E+02 

.  49 1 4E+03 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

24 

— .  6374E+02 

. 1771E+04 

. 2B75E+03 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

25 

. 3559E+02 

. 4047E+03 

. 2875E+03 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

1 


a 
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PART  NUMBERS:  1 25B5792- 1 2585797 ,  Walking  Beam  Assemblies 
DESCRIPTION:  WALKING  BEAM  ASSEMBLY 

The  left  and  right  hand  walking  beam  assemblies  each  consist  of  a 
machined  leading  and  lagging  beam  Ti6A14V  weldment.  The  walking 
beam  dimensions  were  the  result  of  four  important  consi derati ons: 
maintaining  clearance  between  the  spade  and  the  C130  ramp  during 
loading  and  unloading  from  a  C130;  providing  a  lunette  weight 
during  emplacement  and  displacement  light  enough  for  two  men  to 
lift;  maintaining  a  downward  force  in  front  of  the  walking  beam 
pivot  at  all  times  (i.e,  keeping  the  lunette  on  the  ground) 
during  emplacement  and  displacement  to  prevent  unexpected 
"teetering;"  and  providing  acceptable  functional  walking  beam 
performance  over  large  obstacles. 

A  complete  report  which  summarizes  the  results  of  the  supportin 
stress  analysis  can  be  found  in  the  following  pages  of  thi 
sect i on . 


STATUS: 

All  design  and  drawinq  requirements  have  been  finalized  and  can 
be  found  in  TDP ,  Dwgs. ’ 12585792-12585797. 


AUTHORS:  Jim  Ries,  Dave  Boudreau 
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APPLIED 

MECHANICS 


Subject 

Analyst  >■  ■  <- n 

0  .Ries 

L  iHD  — 

Project  Number 

lead/lag  Assy 

EC.  No. 

Oats 

n-l3olffi 

4.  XhTRcOLcTION 


-A  P\NVT&  ELewA&NT  ANAL'f'SiSOf  TVE  LEftDlNGr/Lft&G'N6  BtflM 
Assess LT  Cpo(2M&2.L>/  iDtHTtcH&D  AS  THE  VV'A'-KlrtC:  /Use^iSLv) 

ia/qs  pet2j=o(2.r^eD  to  z>e  £)Ep  lectio  ns  /hjd  stresses  Due 

TD  £TftT\C.  L0ftDtW&S4  Trte  iS  (\  P^M£  T'fPE 

Structure  ,pGaPA*vRicy  r/|p&e  ©E  *TiT6>j»um  iamtw  S  Ev&tzAc  Sts£l. 
Corvy?OK&>irs  (  fl'XLEiTj  pivot  tuElE-  i,  c'ilino&i.  a-t-ta cum emt  Pxn<£ 3-  A 
"pC  p(5.oG^-fiVM;  XMft-GBSSD  Ve^^tom  1 ,3^  udaT  UScj)  T=£>t2-.7M-iE-  A^fi^ysis, 

E ,  V\mvt<£:  P v-&yAt: h~t  Model 


\_C  GEoiv^TfiV)  ^  ODE  i  Eue^c-MT  Nu^BERS 

Twe  foaovAj\\i&  sketches  idchtif-s  G-eo^&t^  lavout;  Mode 
KlL<M&cR5  j  E-uE  rv\e-tH"V  fsJuMSE^S  yAND  DtME-t'VSlO  N  S  * 


"Vp  Northern  Ordnance  Division 
Uvia  Minneapolis 


APPLIEi 

MECHANIC 


LT  HO  - 

L£Ad/l&Gi  AiSV. 


©  (£V *»»  @ 

nT*  ©  >m  ©)  .s  @  into  £>)  np  it/iM  (3  in 


An*lr»t— 

-i  . 

?tes 

Protect  Number 

EC  No 

vhotob 

liuUH 

s 


<t  of 


Leading  eeA<^  Assy. 

(  PR»0«.TO  iHVTftV.'.ftTyO'J 


iiltSft'.* %  l 


KtiOfcj)  itQi8(im?i_@ 


VO.QS  T 


tl 

5?  I  S'  | 

K  ie  1  <* 

LI 


l-  -  (d.S 


^ —  ■« — /-~\  C^v.vmO«<V. 

5  „ 

-  "7J  c"  1J 

_ ~~  -1  -/S^ I  C'U.mOfcrt. 


5('#)  (5)  ‘•©^y 

6(n)  TOg)  tqCtQ 

S,  *  *  *  T 

a/V  ^ 


®"/  /  3' 


r>A  Axon.^c 


71(40.17,0,-8)  ? 
73(&.4<i;0,-8)  i  NODES 


Sh»»t  •L-Of 


humic- 


Northern  Ordnance  Division 
Minneapolis 

Sub|«ct 

LTKD  - 


3\KiEJ 

Project  Number 

EC.  No. 

riso/u 

APPLIED 

MECHANICS 


*14(67,0,-30)  Dum'a'I  Hoot 


Sufl.Ro  UNO  iN&  C  A  {7$)  *63  2  = -'4 

PworTuSE  '\_»5  i>^7;  ' 

@r — TLUii^ua  *~® 

pworTuet  |  !»|Ub  (5J)  lU*_ — ,_#*  _ M  <• 

*  w  *»  ^ 


4^(53) 


Fh(E-0  ^ 

NOf)E.  II 


X=SS 


a- 


fr*L&  I 
lit) 


«.  (sCs 

3)  '-4#c 

o'  wueei- 


)6g* 


<5(5; 


S3(4,l) 


Lagging  B^am  Assy. 

PR\Oti.  To  XwStftv.\.A"t\ovi 


_  HT,  J 

L  50 

(S') 

* 

1  O' 

@  Cmlino^1  Connect 

ras-® 


»|  i^-N  63  l  • 
^  Uo)  5  /  *“ 


•VGuSSE-Tstlo) 


5i(4ir 


Sh»«r^_0t_2i 


% 

k 


y: 

ft 


£ 


Sm 

K- 


S 


w 

& 


t: 


&  s 


N\ 


i 


a  ^ 


B 


fA 


« 


5? 


'  S 


$  c-:; 


& 


,V* 

:  i 


5 


r^riVTlr?  Northern  Ordnance  Division 
S-P  LN-AJnj  Minneapolis 


APPLIED 

MECHANICS 


Subject 

\_TAD  - 


Leao/lA6  As£V» 


Anelytt  _ 

J.ftltS 

Project  Number 

EC.  No 

Date 

nlholtb 

>io0e^O 


Jks  100  */'N 


>  =  100^/iN 


^OKVJPrer) 


NoTes:  (.0  w&ft\<  sponge  to  grounvo  ape  Connected  td  wt  csu mow. 

Connect  Pins  (>4 oofs  ¥o<(oS)  ALi-iONeo  Along  THE 

£>  hTectton  s  op  HndiIpiulvc-  cvn_(Nt>t^.s  »  TWese  are  titto 

pl^r^AfLlL."/  To  PfcSV&NT  flwSHO  00  DY  MODES  |W  THE  Fis ITE.  EceMBiT 
f'AoOEC.  TH-E  LoA-DS  rnTHt  SpR-lHGS  SHOUL0  C>£  R.ELfVT(i/ELV 
SMfiU.  Since  T-E  CYL-NC^^  AflE  (NOT  pnesSuft'^ED  m 

THE  LOAD  CRS.ES  SE^G \NVt  «  T»c>  ATfeD  , 

THE  Mode  coord  n ates  a-ho  EtEMeHT"  cohm€ct\u  it^  vmilc 
E>e  e*nt«.e o  <>i  XMftG-SSiD  using  THE  "  F\Xioq>  to 
INSTALLATION"  CONFIGURATION  i  CooOOiHfkTE.  ’SYSTEM  FbR 

Conve-N^e-Nct  P^tf-poiEs.  All  tfe  nodes  wm  w  RcrmTeo 

,OI\°  FR_c>(M  THE  OG-tG  in*lcc>oW>in  P,re  systcM  •  Then  ,  All 

Hoots  in  Lagged  Beam  Assy.  will^c  i<.otatth>  ,N 
T VE^EYtR&E  TO'  ILSeYTON  5S.fec1  |6  (  \A-OU  ‘  +  36.b«‘)  .  TH'S  UUiuL 
(\ESULT  IVTH  t  CONf  l&uaA  nON 


OA-6490ct8S 


(3) 


lUHlCH  UJiuu  BE  USED  IN  TH-6  ANALYSIS- 
I  Ac  fouLOUj^HS  2  PAGES  Sno-J  NooE  4  ElS.v'ASnT  Nu^SE^ng 


Sh**t( 


_0* 


2? 


Klot>E  i  Element  Hvm&auMG 


7 


rarArvp  Northern  Ordnance  Division  APPLIED 

ui  Minneapolis  MECHANICS 


1  -  T \rftNiuM  J  Tl  (obi  W 


A  Li_  ME(v\aa2_£  XrFEc  (V\f^)6  fvLoM  v-Wm&r 

pdQ PITIES  i 


t~tu  - 

130, coo  p^l 

(9  =  &.A  pSc 

%  = 

!30,006>f5  6 

T)-  0,3| 

E  •= 

Ha. 0  V:  1 0  ^  ps tl 

^  r.  6  .  1  (o  "+*  /i  N 

2  -  %ree.L^ 

THE  Pivot  Tu.ee  4  C^liN'c^CjonnEct  P I rs_s 

PA-O^A  Steel  (/VjsL  4-340  HT)tfYyirt6  ?S-or£*rn £s  ? 


r^u. 

1 5DjCoOfs.i 

G-- 

l/.SX/O^psl 

ftc,  5 

1 Ba,  ooo  psC 

-J  -- 

•  3 

e  - 

30*10^  psC, 

.5*  *I/M3 

Tttfc  brfVTAi  WWIN&  Ttt^se  pfUJPe^-nes  33,  34;  40,4^,50, 

51;  Si  t  SB, 14,7^  -?s>  t7<? 


Sheet 


2_o,_£3 


OA-S490ct85 


•SHSKS 


Northern  Ordnance  Division 
Minneapolis 


APPLIED 

MECHANICS 


Sublet 


Lt wo  - 

Le^VD/lAG  Assv 


Analyst 


*T\^ies 


Project  Number 


EC.  No. 


Bko/al 


"i.  C(2Dss- Section 


Fl^Ov>£,f2,i  V  I  -  (^/\r||N  (  Botto^a)  ^tEri^^S  J 


. r  ■ 

L  - 

h 

A=  3<8>  1.8  =  l.lbm 


=  Mh)3^)  *fx(3.«)30.8)  *  S^StiN* 

X2-  s  ti(^H)-  vu(  hSVfr.SO  r  O' 811*1  tN* 


Asium rt°d„,.sT»«:  ?s  tcal  +  tcw-if- * 

<T«^  =  F^ctoc,  fcfc  CftL.cucA-nM6  TdRSioN^HtAe  STTL£S£r=  = 

2ST^=  SSP.,  =  Fftctaa.s  a. a *7  ffbesH€#«. DefoRM^ONs) 


J"  —  y  -  O.'^tO  iH^ 


/£<£  —  Yadhus  —  1.0  ivi 

SSF*  =  l.tij 


Sh«*t 


2—0<JZ2 


DA-6490rr#S 


Northern  Ordnance  Division 
Minneapolis 


APPLIED 

MECHANICS 


Subject 

A"*,¥"  ,r  Pr£3 

113 

L  IhD  — 

Project  Number 

LefvD/t-A6  geqMAssy, 

EC  No. 

uVaz/tt 

A=  Tr"1  -  -  3 in"8* 

T=  z  l  .5l0& 


£  T  -  ^XcAvuS  =■  i.O  lM 


=  1.13, 


4-  S+etLC'fuNtierwCoNMecT  Pin  ,  iMo's.  29,40,  i#*  79 
^  V"1--  /7T(  ‘S)7-  5  .-?»S4irs^ 

Xy-X^  =  ^  («S)M-  .o^oq  ,N4 

^  Js  Hy  ~  .09*217  1N^ 

-  "Rpio\us  -  o.  -  in 

SSfu  -  •?  -  1 . 11 

J  «r 


Sh.«t 


i_o,_23 


nA^4QOrtfl*; 


r^fTVTV?  Northern  Ordnance  Division 
SPIaAJ'o  Minneapolis 


APPLIED 

MECHANICS 


UTUfc  - 


O'.  Ri£S 


I  Project  Mumbir 


®si/R 


9 


?  (3opeiLr-i  £  -  STetu  P'voT  lu&e.  ,  Been  Nois.  4^  50,  S Ij  52  i  ^3 


A-  =  ^r(  u \-a-s 3.^^ 

t~  3/gu  JL,  -  X3  =  I.  010, s'* 


j  -  A  Xv 


2,019  iN^ 


i  u£  -  I  »  i  1~  S’  |  r< 
SSRj  -  SS^-i  st  1.^9 


(  Ertsion  V.INVC.  •  £  AtTi^mS-vT  LU6S,  T|Tftfiiu(M 

VAO'S.  &2v,  42,  43,44,  Go,(cl }  7'.  * 07 


I  h\j  i*  'It--  o.  s  \hx 

t*0 

i  kil  ^  xv=  -h.fi )H\)  -  -0+ifc7  ,H4 

^  r*^-  Itjc  ‘/O 3C0  -  .01045.  in^ 

€,aa  Bt3  »o«‘i‘a-(OC-S.)3*  sOWhi n4 

Ct  *  -fr  fc  -  7^1  *•?■=•  4(.sq  M 

SS>Bvj  s  S  S  x  l  ,  £  b 


Sh*«tJi=Lot.£-r 


J~5TW7\rp  Northern  Ordnance  Division 
S-PUuUvb  Minneapolis 


APPLIED 

MECHANICS 


I  Project  Number 


9- 


pfooPErfi-Yt  \  U'&S  £  u  |2£.OUNDfN6  P'VO'  "TL*  B *7~l Tft N  \  U. 

BtfiM  HO'S.  b&$toct f 

h 

‘  I  A=  I.l4»7a)=-  .(>30 a  iv^ 


vi>z  ^  ^  Tu  =To  =  X  (  |.££H_\.^-7M)=  .  tj^og 

0.0X3“  * 

a.  J" -  2.1^  =  » 'i  ~  l5  (Hh 

-  ^Atius  =  I ,  a  S’  IK 

SS^)  =  SS?>  r  |  .?<* 


4.  R^STfl.A'VTS 


TW  2  Pivot  Tu^e  End  bioDcs  bkjMS<=<^$  44  *  HS"  ATTACK 
TO  THxr  'LTV\*D  T\*jfv\v_.  T~4eS^  ^ 0- -<  UL>\u.  £t  Assumes 
F  Auv_  (9  T>»G.cCT\0SS  FO(2  TVl*  ^hAU'/SIS, 


3*»  SfQ-lHb'j  To  (j^-ou.s\  D 


lA^efW-  Spaces*  G^ouNb  ARe  usw  to  stthmuse  mdd'el. 


V- \°° 

T'h-M^hn  \ 

^  Ho  .L_vWVV— ^  Mooe^-^wvV-f 

J  >£*  =  £H.4feu/rO  ^  i  iy:  n.J^I.Nkoefi^ 

JcoX^  Jc£}??‘ 


Co^Pon - 


ti_Lor_2? 


naj^on^ 


Northern  Ordnance  Division 
Minneapolis 


lthd  - 

Ass^j 


Analyst  j- 

Ri£S 

PrOfSCt  Number 

EC  No 

WWtt 

APPLIED 

MECHANICS 


ST^mc.  Lofyft  C^ses 

STfVnc.  uo^O  CASES  2.  T&VIW&  CONOlTlORS 

i  TP-i^NSPO^.TATlCsK  AlRC.(2.ftPY  Lrt  NT>iN  G-  Lo  AD  CO  KD  »T)bN ) 
VV\uC  ^6-  COfA  <£>vD€-£.G-D  «  LOADINGS  Uiiui.  £€  f?fuM  TD  Tf*€ 

Following  Co  u(L»ation 


FoG-va/p^-D 


>io06i(0 

i 

/ 


ioo*An  JUioo*-/in 


\»  1— &AP  CftGt  1  —  SK»0  pLi*S  CiUfAP  ON  F\GonT  / 

a.  Skv.o  Load 

O')  ASSUME  JHE  LTAD  IS  fs|6A<2.LS  TVPPtNG  OvG<.  SO  TWfVT  fVVJ- 
^000*  op  DeAO  tueipnT  u  SU.ppoC.TGn)  B'f  OW£  LGfVDiNG/ C  P&6> 

'BePn  Assy* 

^  A  ssumg  CofePFavemr  op  Fc.ilt\om  ti^€  <  fc.o<*£> 

SuCFAce  Ne>  o  •  8 

CO  ASSUME  SKiD  FoC.c£  vs  APPuC-Q  G**ch 

Sh 


DA-6490ct85 


Northern  Ordnance  Division 
Minneapolis 


APPLIED 

MECHANICS 


Subject 

t  T"-!^  — 

Analyst  _  _ 

'  n  ItS 

\_trFVt>/(_AG-  £eftMAiS-7 

Project  Number 

EC.  No. 

nfcrW, 

Tyfe  skid  Fofi.ce.  ^  gkc*  Tipe  ‘5  T 

jjr 

r-  3  ooO  tf 

rg.  =  -  —^7  X  0,8  '  -  36>00  AfpLitO  ffT  corrrftC.?  surtPAce 

BurAP  l_o<*D 

vp-c  jju^f  uoaO  op  Tgt^v.  LTHD  Wfigut 

Fx-  i-  ^k  --  T  LfSoO-^  Ar?v-'€^  fVT  TVrG  fVXCG  t^D£ 

C.  \/6lT\c^L  Load 

A^Su^fc  THr€  \J«LT\Cl«\V_  L.O «©  C0f*Cd<€ST  Appcieo  AT  TH€  fifcCS 
VS  TUF:  TOTRe  <AJ'E.\6HT  MINUS  TH6  WC16UT  fcv/ 

THt  t-UN  SrTT-E 

Fy  -  4 OOO 21  -VZOO*  JT  -7S0O" 

TH-5  'D\£T6us'.a~Vo*‘  e>p-  TH€:  N«W\Chv_  loi=vd  Must  B€  im  eaa'uSft'J^ 
FIouT  TVrt  F'VOT  PgMT 


F\-vP-»-  =  "f^co* 

Hsoox  n,qt.+  au.ofcF-*.  -  t=2F| 


P\  -  353.7.4  * 

fn.  -  4^7 £.{,* 


Sh**t  !A-0» 


Northern  Ordnance  Division 
Minneapolis 


APPLIED 

MECHANICS 


Subject 

An*lyit  — 

*T.  R(£5 

IB® 

l_THu  — 

Project  Numbtf 

L€^S)  /lag  B Ass7  • 

£C  Ho. 

l€ 

H4e  ResuLTitfG  Lo^t>  Loao  C^sc  i  Becomes 


2.  Case  2  -  Euk?  on  P k£  ^  TcwinG 

Tne  loao  OtAGRf\M  fo<^  load  c.ase  a.  >s 


Sh»««Li-0<ii 


D*-««90ct85 


\J> 


8 


.y 


tz 


* 


«JMKS 


Northern  Ordnance  Division 
Minneapolis 


APPLIED 

MECHANICS 


Subioct 

Lth  d  - 

L6_AD/lAG  A^7. 


Analyst 

J,  3>es 

Project  Numbir 

EC  No. 

Doit. 

♦  ■2-/31  /{rfe 

3.  Load  Case  5  -  A tR.c^^TT^A^,5.?oR--rA'r^^\ 


Landing  Load 


■Lfi  THE  fE>£-'  AT\ C>m  CoNDlTiOM  EftCH  OF  TH-E  "2.  E*rf- M 

Assev^e.ues  ta-ke  '/x  of  the  ogad  weight  minus  the  wei&ht 
suppofrv&o  E'f  tk-e  lunette. 


F\  +  F  1  =  4^6*  (^OOO*  -  lloo*)  *  \  ^  n,S50 


51 F,  -  ^M.ofeFx 

F\-  sssi.fc  * 


Fr.-  /i/w- 


D*  hcecuTiHG-  rrAfGSS 


|  HE  tNOD^  COOR-DlNftTES  _>  EUWWT  ConHSCTWiT'I  _>  MATERIAL 

A-ND  Cft-OSS -SECTION  pfMiP&STiGjj  Re  *iTRAlNTS  j  C,P(2.lNGS 

TO  6RqunD  AHD  o'rA'nc  Lo*OS  iwerS-E  e-NTER££>  /nTC>  "WE 
XAAF6r^S3  PiN  VT£  &\»E~&*T  P^OGr^-A  <V>  #  THE  FrTTFCHED  OUTPUT 

L\s*hhG  Gwh  The  Results  of  THGAMHL'fGts  Covering 
PG-OCE^EtD  GWME^'I  .Nodtyl  ‘Displacements  ^ 

^uEiv\Frrr  Pocjies  i,  Stresses 


Sh««t 


_0< 


<P3 


fc 


ruj«9n-« 


,-'  ■  .  .  j 

it.  J-iViUiy  nfJ 


Northern  Ordnance  Division 
Minneapolis 


APPLIED 

MECHANICS 


L&as/LaG  Be^m  A^y, 


GT\  Ri£5 

Project  Number 


Date  . 


jutvvMfrfi.'#  ctf  Stosss  'Repairs,  loadcase  1 


E\,E*aEnT 

f^TVcS 

;  PSX 

C  0  (naMENT 

■Wo. 

Cax  la,  1 

(J~U  -  fc  e->d 

Ca  -  b 

+414E 

-£8?7 

i'aOjOio 

£38jllO 

IS1  Section 

H 

4fc79 

-  ?3h8 

t 

±  H^O 

0  ^ecwovi 

5/at 

-  W'4clC(» 

-1JG? 

1  SL  <  “70 

t  IS ,110 

0  JS^cmN, 

9/-. 

-^4 

t 

t  32,150 

1  5  3  3-fc 

©  S^CUSN 

Uo 

-  Moag 

-5  ioi 

1  34,  UO 

£  G3<=t4 

©  Sect\qn 

5-0 

-33o£ 

±  7  97 

I  0^26  0 

0  StOtON 

su 

-  904- 

-  -36S” 

r  3 >'o7 

4  2£  ?7o 

Northern  Ordnance  Division 
Minneapolis 

Sublet  . 

LTVAD- 


APPL/ED 

MECHANICS 


Analyst  t- 

_ v_T . 

Protect  Numbvr 


L€AS  /l^Gt  AsSV. 


l°,Tsle7 


Euer^ferTi 


CIr  - 

(Jj  -  be^d 

(To  rArAcn~  S 

-feS4 

0 

1  24,700 

t  s£;590 

©  S&CTAOH  -  A%<-£. 

0 

1  tloSiO 

1  &S,3iO 

^^eCT.-C'a.CoMNEc.T  ?,M 

94> 

-37 

1  fcfeS  1 

±  £9, S3o 

Secr.-TEN^ort 

+  4  ^‘3 

t  l>*4 

1  4 

+  53^"0 

^  5ect.  -  T&^S'C>*  Link  Ld<J 

+  f577 

0 

t  /  0/7:0 

i3ll;0b0 

(^Gecr.—  "pivoT  \u£E 

4  3  140 

-  U.CflO 

t^'lS  0 

i  4343 

[0  SfcCTtoH 

t  620 

-  Z2  66 

±??,2?cD 

t  774 

(0  S€jC3V0n' 

-  46o4 

-r4523 

1  4472 

*  CO,  ?co 

|0] 

-  513 

0 

1  4»o:0 

©Secx.-A^r  A<ue 

+-(,,364 

0 

0 

O 

0  £err.  -  T*=^5'oh  L<kk 

+  n,  240 

<3 

T/'v*  y  -  *  59,  oco 

C> 

<rw- -?2>u 

O 

^  Sect.  -T£.^Se>*<  '.-nu. 

'/&"  GuSSt-^ 

ME#] 


SGISILGIS 


Subject 

L.T4AO 


Analyst  ___  ^  ^ 

CTc  Ri£5 


Project  Numbar 


Le^D/LftS  f\^y, 


f-rfttssts 

C  O^f^EMV 

•V\D. 

Co.  x  14 1 

K?E 

CTu  -  b  e^d 

05- be^d 

-314^ 

-  G4W 

if IS,  koo 

t  'H?C40 

P  Section 

4 

-+(1^*70 

-  i^S7 

t  33 

3  as3to 

0  ^ecnuw 

5/ai 

-2U4 

-  3^3(o 

1  »i83 

3  54,43  0 

0  SEcno^ 

S/>s 

-  s  ^4 

•+3W0 

3  45,4(0 

±  |7 MC 

©  Sectv^n 

u= 

-noj 

-  3°!,  OfcO 

I  UL 

©  Seetv^n 

5-0 

-  333C, 

1  Si")<7 

t  3ljt s50 

0  Stcnos 

a* 

~  o»  to  3 1 

-3333 

i  ai-so 

t 

0  S%CT\6N 

'Vw 


sw 


sfjms 


Northern  Ordnance  Division 
Minneapolis 


APPLIED 

MECHANICS 


Subject  . 

UTVAD- 

Analyst 

Project  Number 

L6A0 /LF&  FSSV. 

EC.  No 

i?>/f  7 

£LE.M£rtT 

Vio. 

b-ES 

COFAtA&\  \S 

^3o.y[|’cx.\ 

"^toK  Stan, 

Ow  -  beo<J 

Oj  '  b«r  md 

~  5  Cj  5 

O 

±12,230 

+  45,  HO 

©  SecTVO H  -  FvoD.  fttLJE. 

3q 

-  274 

O 

±  £>3o 

t  62-/640 

^fTfcCT.-CVL.CONISEtJ  ?iK 

60/67 

4843V 

-5? 

i  930? 

1  44,870 

^  Secr.-Teusvort  btu*.  V-U&- 

47/44 

-f 

4\3i- 

i  M 

1  8S/3IO 

S  tfecr. "  TeHS\ON  Link  L UG 

«/s3 

-1513 

O 

1  %  lot. 

t  s^Wo 

@)^icr.—  Pwo”  \uB£ 

^(c3 

4  3\2(o 

-  I%{>4:> 

±  30,040 

±  IS7V 

0  Stc-ooM 

13 

4  501 

-  3<4 1  -J_ 

-  V3,2I0 

7  c‘^24 

(Dj  Sectvosi 

(£ 

-T^M? 

4  31<ot 

4  347^7 

I  VS 760 

0  £>^CT\c>V 

1$ 

-*47(. 

O 

-^■cxO,  1  C  O 

+ 

©  S&CT.-k^r  A'M-E 

t  lb  310 
) 

0 

0 

O 

0  £err.  -  Tension  Lvsvc 

S4 

<3 

0 

O 

g  S5.CT. -TtSS\o<s  ■_• 

4/A 

27/y  =  -M3,^£o 

<r^=-b47 

<ry  s+qsn 

*/b"  Gussei  ^T'eFe-i^ 

i  He  FfiCv&^s  SfiFex'i  po?.  THts  {hze-; 

St^F/lc  :  F.S.  =  Fti/(Va  t  Jcfrf?  )=  j^no^Sn^F)  = 

St^vVwot  :  F,  S.r  Ft'^/(^^<^r)=  ,32a°f(-r£73t  =  4-lS’ 


S^euCn.P.H*  F.S.  -  ftV(T<xt  *'3l000/('-376tt  iHao'  +  fcUMft')  =  «?.o<5 

Rp.me  Eo*  •.  FS.  sW(\cri^3f*<rtVtr  --  r"0£c0/(aq^,t  -  &.0t> 

W4£f<£  CTs  CTo-t  *  a\*0  +  5^2o s  -5T1HI 

Iu6=:  F5.  =  ^/K<rt  \£kQNV  ^IA00o°/(as^tr  V^3fei^^3nox  =  2.*>& 

c=  <r&-t  'J<r^Cxi-  *  -  £  /  HSH/O1  rnMb1  =  -  SO,  75J 

LU&  '  F.S.  r  *  »aoooo/(8*4j4t<?306tWJ«To)  -  1*92 

Shot ~— ' 

few  L.«f.F,s,=  F^/rt  =  ,ao“%fc,e4°-  ui.«v? 

DA  -GOOctSS 


VI 


Subject 


Le^-^/LftG  A^y, 


Aneiyet  __  ^  _ 

CTi  Rit-S 


Project  Number 


Sj 


E.\-E.v\Ejrr 

5-TftSSSES 

C  0  W\fAB^T 

■\4o. 

Qaxia.1 

TtorJi'oo 

OTi  -  b  e^d 

CIS  -  b  end 

—  I  1 

±*7  S’ 4 

+  4^0-50 

0  SecTioM 

4 

4  |(o2 

4143 

t  gui 

t 447*0 

0  ^ecvvou 

5/ai 

t  iL»a 

4^43 

t  637 

t  73,  000 

0  -S^cncN 

^/i5 

-  *&2-* 

-  \  CiC>  t 

t  55,-190 

t  *3,160 

©  S^CTVON 

ife> 

-»5\c, 

+  \541 

1 5  o 

1  23,  050 

©  SeCTvtiN 

2o 

4|46 

4  .3  fcS 

i  m 

1  48,  3^0 

0  SttrvoN 

su 

-  W 

4  at,* 

t  !3o 

+  68,><io 

Northern  Ordnance  Division 
Minneapolis 


APPLIED 

MECHANICS 


l.'vvAd'- 

L€AO /l^Gt  BcftM  AssV. 


Analyst 

Projsct  Numbtf 

EC.  No. 

Vsle  7 

02  -  ben*) 

dj 

COrAfAx=H\S 

-  /4> 

<s 

±73!  Sr 

±  J^U-gO 

®  SecrtoN  -  ?4jD.  r^>(-£. 

- HI •+ 

£ 

±  57^ 

t  7  872 

05'eoT.“CVL.CONhEc.T  ?)  K 

f  1  1,000 

-U7 

i  lo, 480 

t6o,  64  o 

@  Seer.  ~TeHSvoitt  l>NyL  LuG- 

+2.T6.0 

-If 

-  1 

t  ^,,€00 

^5ect.  -  TertS'ON  ^-'NK  Luc 

o 

t  14,  |10 

±  St^io 

(§)^Arr.—  BivoT  VuB£ 

4  '2.3o7 

+H,21C 

t  uijiiO 

t  (cO'+l 

[p]  SECTV0  4 

4  \S3^4 

4  741 

±clclS **• 

IP  Settvo4 

-M3b 

■±lMiS 

t  sa.ts-o 

IP  ££C\\^ 

O 

±3o,  l%o 

©SeCT.-frFT  A-<l.E 

f  IS, l(cO 

o 

o 

o 

^  Sect.  -  L\hk 

£ 

27^= '-sn.oto 

o 

=4  too  4 

o 

crv  =+w ,  o 

g  Sect  , -T£.^S\b»\  l-sv. 

*/e"  Gusst^ 

.'-'•.  A'-’- 


i  $ 

d* 


Northern  Ordnance  Division 
S_r  LruU'O  Minneapolis 


■-5I 

<$.  t  ?: 

’>  vt> 


F 

6) 


<UK 


‘A 

iA  >' 


3 

-tf 


-V  -V 

y  *■ 


fi 

& 

'•ft 

c 

& 


APPLIED 

MECHANICS 


LTM  O  - 


I  Project  Number 


L£Ad/lAG  'Be*'*'  Assy. 


Fc  CONCLUSION 

The  minium  Factor  of  Saf£T'Y  Round  Fog.  the.  3  static. 

LoiAt)  CASES  ((v/\/ESTl6 A7E-D  UJAS  |«<4b-  *THtS  OCc.ufc£D 
IN'  OH6  OF  THE  T^EiOvt  LvW'C  \_u65  (BePtM  SteME-NT  Ho.  60} 
fbcvnAs  Aircraft  Tr.ansP&f-tatiok'  H*/&  G  Lading  Load 
(Load  CaseB),  Tt+is  is  slightly  lovc/sa  the  ~w&  t>esisk 

l 

VFctoc  of  C^FEry  (9oai_  of  I .  Go  po  k  colons  nts  | 

BfiSEi)  6M  (^^TteiF  L  YlE^D'  SHEENS  Ttt#  H  tW Ev EG- j  IK  T+t  ^ 
A M F l>j S l S  TA'S  UXG  UjAS  Assume  T  o  be  a  RblHR  WfPH  fl 
CROSS  SECT\0H  of  I  v  K  72.'  •  A*F  A  RESULT  OF  THIS  tf-NAL-YSiS 


TAe  lu&'S  choss  s&^toh  si^e  wtuu  Be  iixc&eAse©  to  2"xi" 
LUAvcR  \AJiut  $\6n\F\ffntl.y  (M cash s e  tx-e.  F4c.tdo-of  Safety 
(Be.'/omd  1.50.  StsicE  f)LE  oTTfep-  Factor  of  S^pery  Af^-c 

GR£rfVTSr<2.  THAN  l.£c>j  DESIGN  ts  Acc&FtA-fiLE  fb(^THE 

three  static  loao  <cflses  (Nve  st /gated  # 


>tC5  of  ~3 


DA-6490ct85 


lTx b  -  u>, r 


OP^'HOP]  UJhUl  (LotAnoN 


lh*6-8C 

fcv.A 


^<$2 .  czr 

96-  ,  77  „ 
/  P  ?. 


c?l  I  z 

CSO  r  ^ 
c^r£2  zw, 


F,  •  /$7£r  +  F.  '  X  -  ^^3 


F,  <>T0  /js:v^Z  +  Ho* 

-J*oz>y  •* 

~  /“  *'“  A  .  ^  Jf  «r  /\ 

O  V  V  v 


x  fQ,  -  *,)  -  -wx-a:-  f, .  ,B7.  ss 
.  *  (ero  -r£)  *0 


8  9  £3  -r& 


-  2./3 


_ al^.cgr 

IB7.SOT,  w  , 


*  1 

(D1^ 

*"  -*j  ■«-  i*t  «»*•'*• -Pot. 

3^5.98 
2.V7.  7JC-. 


3-/3  -+  SS’  -  50.  /3 
ra./s  v-  iB7.Bt  e  xhc.^s 


Ccr4j£*s7'  kec+V'enj  0/v  Cfi\t  *  'A&fy', 

l.  76 


f,  *  X*S.9&-  US,  •  5BJ2  -  £> 


F  /  - 


g*<C3  •  ss./s 

x*t*r.4&  ^  /,?  99.?  * 


i_\  Nb>  .  (A'it 


Loc*?/o*/ 


U~tC'$C  7 

4*4  , 


U/tU£c:  /v  ?Qtv 


fft,  *  i$7.  SS^i-fc  •*)  (cSt>  ■  0 


/c  -f/.J? 


^  rx  LOhl ««tc 


To  to  A>t. 


x  /70O3. .  Xi~S-?£ 


F,  x  ^0li/£  foA  Toco  Tol.J  COhH <-~  /'V  ^*0  X,  4  9.// 


£,  *  /$* srj  Vk  *  £.0$)“  (f  ~ 

.£,  '  .&?.&£  +  £-£B)  -  [&i£~  '  CMj-(f^o 


^  (£^£3  '£.£S)  Z^STLIiTT^- 
lB7.9sTc.9B 

F(  c  / -2.7,9  Pooulx* 


p,  UimimLw c^£  <9^ 

L  fi*s/u  «on*«;«Mc  3"  «*a  tnk 
^  ^  (&V£3  •10.1CJ-(&5‘0  ***7X?) 


/  S  7. 3S  i~  I0.4G 


Ft  ^  7\90,f  Pot/hio 


Y'zt+V-C? 
y  *  io .  vc 


ft 

LTTU 

TOTAL  WEIGHT  - 

8463 

C.G.  X  COORD  (IN)  -  - 

■ .  948718E-01 

C.G.  Y  COORD  (IN)  « 

4.86224 

■ 

1  C.G.  Z  COORD  (IN)  - 

95.7703 

■ 

1  JYZ  ( FT-LB-S “ 2 ) 

- 

26434.5 

JXY  ( FT-LB-S  *  2 ) 

■B 

490.222 

V( 

1“_a 

JXZ  (FT-LB-S*2) 

“ 

26517.3 

DESCRIPTION  WEIGHT 

X 

Y 

Z 

3200  BARREL 

2650 

0 

0 

101.9 

K 

3225  TWD 

15 

0 

0 

8.2 

> 

3300  BREECH 

495 

-.5 

0 

8.2 

3340  MB  NUT 

3 

0 

0 

243 

3362  BAND 

90 

0 

0 

14.5 

> 

3364  BRCH  ACT 

12 

0 

10.5 

14.5 

«*!■ 

3368  BRCH  V 

4 

12 

0 

14.5 

3380  Y&W 

310 

0 

0 

134.7 

SF* 

3400  AUTOPR 

30 

-.6 

-.8 

0 

3450  M  BRAKE 

158 

0 

-1.8 

261.7 

6755R  CMPACT 

100 

0 

12.5 

79 

3720  CRADLE 

430 

-.33 

.96 

127.1 

y. 

4275  SPSHASS Y 

50 

0 

-15.5 

139 

4284  BAND 

15 

0 

-10 

14 

<m m 

4286  FRTMNFDK 

12 

0 

0 

241 

4288  MMNFLDK 

13 

0 

0 

127 

y 

5225  CABLE 

19 

0 

25.4 

61.4 

< 

5250  C  PLLEYS 

16 

0 

25.4 

61.4 

5302  CP  PINS 

4 

0 

33.5 

6.9 

*j 

,  5304  SPELCYL 

1  3090  PAINT 

8 

0 

33.8 

2.8 

20 

0 

0 

96 

■ 

5830  HBSYSTRL 

8 

0 

16 

246 

6330  HBSYSTRL 

8 

0 

16 

246 

6580  CAN1MNFD 

32 

20 

0 

24 

:v 

6  590  J  PIPCR 

27 

15.5 

13 

120 

■  'j 

6590K  HO  SET 

6 

15.5 

13 

0 

6670  BRKAIRL 

5 

0 

16 

246 

* 

6755NR  COMP 

535 

0 

12.5 

184 

R? 

6950  EQUNIT 

342 

0 

8.5 

177 

7150  ELEV  CYL 

64 

0 

16.7 

5.4 

7260  EQ  ACC 

85 

-5 

10.75 

184 

"**s1 

> 

7270  ERA 

186 

0 

0 

184 

7272  NITROGEN 

30 

0 

0 

184 

7290  F  ACC 

90 

0 

22.75 

184 

7292  NITROGEN 

5 

0 

22.75 

184 

7300  HYDFL 

200 

0 

12.5 

184 

4200  TR  BRG 

30 

0 

0 

0 

4320  FLTUBE 

44 

0 

0 

-22 

IT* 

4322  S  FRAMES 

20 

0 

10 

47 

4410  PLTFM  W 

450 

0 

12.4 

-23 

1*1^ 

4420  UTRAVSH 

7 

0 

40.5 

-16.5 

4525  SPADE 

201 

0 

-20 

-20 

4700  LTRAVSH 

12 

0 

-9 

-16.5 

to 

4950  LIFT  EYE 

14 

0 

47 

-23.5 

5000  GIMBAL 

331 

0 

16 

-16.5 

£ 

5610  LH  TRAIL 

300 

41.75 

7.7 

113.4 

5620  OPEN 

0 

0 

0 

0 

5840  LH  CLAW 

55 

41.75 

-18 

250.9 

5960  LH  TR  P 

8 

41.75 

5 

239.1 

V. 

6110  RH  TRAIL 

300 

-41.75 

7.7 

113.4 

V. 

**  t» 

6120  OPEN 

0 

0 

0 

0 

6340  RH  CLAW 

55 

-41.75 

-18 

250.9 

£  os 


6360  RH  TR  P 

8 

-41.75 

5 

239 

6560  G  CNTRL 

32 

17 

28 

-35 

6570  AG  CNTRL 

32 

-17 

28 

-35 

6600  TRAV  CYL 

65 

-18 

-  -4.5 

-15 

6660  TAIL  LI 

5 

0 

36 

-26 

7950  AG  FC 

44 

0 

24 

45 

8150  G  FC 

100 

0 

24 

45 

4280  BII  BC 

33 

0 

24 

45 

8350  BUS 

240 

0 

24 

45 

S 


* 

£ 

•  • 


In 


$ 


g 


»* 


61/  300 


PART  NUMBERS: 


12585741,  Wheel  Hubs 
12585747,  Wheel  Axles 
12585739,  Wheels 
12585738,  Tires 


DESCRIPTION:  WHEEL  HUBS,  AXLES,  WHEELS,  TIRES 


Hubs  and  Axles  - 


For  the  wheel  hubs,  a  Finite  Element  Analysis  was  performed  t 
evaluate  stresses  under  air  transport  and  towing  ("bump  an 
slip")  loads  with  6061-T6  Aluminum  alloy  used  for  the  material. 
Results  indicate  a  minimum  factor  of  safety  of  3.13  under  worst- 
case  conditions.  For  a  complete  report  of  the  wheel  hub  stress 
analysis,  including  a  description  of  the  approach  used,  FEA 
models,  and  results,  see  the  following  pages  of  this  section. 


The  axle  analysis  was  performed  in  conjunction  with  the  walking 
beam  analysis  above  and  these  results  can  also  be  found  in 
the  following  pages  of  this  section. 


Wheels  and  Tires  - 


The  25.0  lb.  wheels  are  made  by  American  Racing  Equipment  and  are 
heat  treated  cast  aluminum.  All  four  wheels  are  identical.  All 
four  tires  are  Goodyear  Tracker  LT-2  B. 75-16. 5LT  tires  and  weigh 
36.0  lb.  each. 


STATUS: 


All  specifications  for  the  wheel  hubs  (TDP,  Dwg.  12585741)  and 
axles  (TDP,  Dwg.  12585747)  have  been  determined  and  are  supported 
by  a  complete  stress  analysis. 


Complete  specifications  for  the  wheels  and  tires  have  been 
finalized  and  can  be  found  in  the  TDP,  Dwgs.  12585739  and 
12505738  respectively. 


AUTHORS:  Joe  Fishbein,  Jim  Ries,  Dave  Boudreau 
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by  Joe  Fishbein 
27  Feb  1986 


I.  Introduction 


The  purpose  of  this  analysis  is  to  determine  the  suitability  of 
6061-T6  Aluminum  alloy  (ey  *  35,000  PSI)  for  the  LTHD  wheel  hub.  The 
hub  is  a  machined  hollow  tube  with  flanges  for  the  wheel  and  brake 
disk.  Roller  bearings  mounted  on  the  ends  of  the  hub  attach  the 
wheel /hub  assembly  to  the  axle,  which  passes  through  the  center  of  the 
hub. 


Wheel  loadings  were  taken  from  the  analysis  of  the  Walking  Beam 
assembly.  These  loads  are  caused  by  transport  of  the  LTHD  under  two 
conditionsi 


1)  Bump  and  Skid  during  transport.  This  condition  generates 
horizontal  and  vertical  loads  in  the  plane  of  the  wheel,  as  well 
as  an  eccentric  load  normal  to  the  wheel. 


2)  Air  Drop.  This  condition  generates  a  vertical  load  in  the 
wheel  plane  from  the  4.5G  impact. 


Finite  Element  Analysis  was  performed  to  evaluate  stresses  under  these 
loadings.  A  minimum  factor  of  safety  of  2.0  against  yielding  was  used 
as  a  failure  criteria. 


Finite  Element  Models 


For  this  analysis,  two  models  were  analyzed  on  the  IMAGES-3D  program. 
These  models  are  described  belowi 


1)  Simple  Beam  model.  This  model,  shown  in  Figure  1,  was  used  to 
evaluate  general  stresses  in  the  hub.  It  consists  of  a  series  of 
hollow  circular  beam  elements.  Section  properties  were  determined 
from  the  inside  and  outside  diameters  of  the  hub  at  each  element 
location.  Beam  ends  are  restrained  at  the  bearing  centerlines, 
and  loads  are  applied  to  the  front  edge  of  the  wheel  flange. 


2)  Plate  Model.  This  model,  shown  in  Figure  2,  was  used  to  obtain 
more  localized  stresses  in  the  hub.  A  series  of  membrane/bending 
plate  elements  are  located  on  the  center  of  the  cross-section, 
with  plate  thicknesses  determined  by  the  actual  hub  wall 
thickness  at  each  element  location.  An  additional  plate  at  the 


wheel  flange  bolt  circle  if  added  to  offset  the  loads  to  the 
front  flange  surface.  T.nese  plates  are  rotated  around  the  hub 
axis  to  generate  a  1/2-shell  model.  The  end  bearings  are  modeled 
by  "rigid"  springs  to  the  hub  axis,  with  axial  displacement  fixed 
at  the  brake  end  bearing.  Loads  are  applied  to  discrete  points  at 
45°  intervals  around  the  flange,  simulating  the  eight  wheel 
bol  ts. 

By  using  a  half  model,  sufficient  detail  can  be  incorporated  into 
the  m'-'r'el  without  exceeding  the  limits  of  the  IMAGES  program.  For 
the  bump  and  skid  loading  condition,  the  resultant  of  the 
horizontal  and  vertical  in-plane  loads  was  applied  vertically. 
While  this  is  not  the  exact  loading,  it  is  conservative  in  that 
the  maximum  stresses  from  the  in-plane  and  perpendi cul ar  loads 
occur  at  the  same  point,  rather  than  being  ci rcumf erenti al 1 y 
offset.  This  also  permits  a  single  run  with  symmetric  boundary 
conditions,  rather  than  two  runs  with  symmetr i c/ant i — symmetr i c 
boundaries  and  an  algebraic  combination. 


III.  Analysis  Results 


The  highest  stresses  occur  under  bump  and  skid  loading,  mainly  from 
the  eccentric  moment.  However,  stresses  in  general  are  low.  For  the 
simple  beam  model,  the  maximum  stress,  a  combination  of  axial 
compression  and  bending,  is  -4,963  PSI.  This  occurs  in  the  barrel  of 
the  hub  just  behind  the  wheel  flange.  The  plate  model  revealed  some 
additional  local  bending  in  this  region,  with  a  maximum  stress  of 
-11,190  PSI.  The  Factor  of  Safety  for  this  stress  is  3.13.  The  actual 
stress  in  this  area  will  be  lower,  due  to  a  generous  fillet  between 
the  flange  and  barrel  which  was  not  included  in  the  model,  and  the 
loading  assumption  mentioned  above. 

Maximum  deflection  is  .0078  in.  at  the  top  edge  of  the  wheel  flange, 
and  -.0060  in.  at  the  bottom  edge.  This  results  in  an  angular 
displacement  of  the  wheel  of  0.098°. 

Stresses  in  the  second  load  case  (4.5G  air  drop)  are  significantly 
lower.  Maximum  stress  in  the  beam  model  is  3,223  PSI,  occurring  in  the 
barrel  ahead  of  the  wheel  flange.  The  correspondi ng  stress  in  the 
plate  model  is  3,879  PSI. 

Details  of  the  models  and  stress  results  are  attached  to  this  report. 


f n«l thdhub . doc 


v 

(Hi  </"5nV7Yp  Northern  Ordnance  Division 
LA-AJ'o  Minneapolis 


5 


v? 


c 


V 

5 


$ 

'.•S 


Sc 


& 


APPLIED 

MECHANICS 


Sublet 


LrhP 


Project  Number 

EC  Mo 

Data 

2  22  V 

S^CT/Q^  ■  pLy^A-T! PA 


•.V 

/-TJ 

^0 

/I 

21 

zr 

*-  H 
§ 

/ 

2.405 

/.75?7 

?.  3472 

/?.  5/5  7 

3123/3 

2 

2.474 

/.SCO 

11.1116 

22. 

44.5?5  2 

-> 

s 

2.  475 

/.iso 

%.  5450 

9530 

o 

o 

T  - 

/ 

*t 

2.454 

/.JLO 

7-/ 252 

/7.  45/2 

74.7024 

5 

4.i?t>0 

/.  74-0 

3?.  44/? 

/?  5  7370 

317.1140 

«b> 

5 

l.HS 

/.74-c 

1 2 .01  to 

3'S.HZJ 

75.  7 ? 57 

7 

2.440 

/.74c) 

6%l0l 

16.7/35 

£?.  4275 

? 

2. 440 

/  75  o 

J.05Z1 

za  47 r 5 

4(7.745/ 

? 

2. 440 

/  500 

H.616Z 

23.  ?52.5 

47.7253 

i 

/£? 

2,5/5 

11  671 

IS.  0551 

f/.  5/4  3 

?J.ZZ?5 

// 

3-315 

/  75?  7 

zs.nsi 

?4.  HJO 

m.  3??/ 

A  -* 


77^Z^Z) 


r  , 


'■  2X 


DA-6490ct8S 


*D-A183  988  LIGHTWEIGHT  TOWED  HOWITZER  DEMONSTRATOR  PHASE  1  SBC  373 

PARTIAL  PHASE  2  VOLUM  <U>  FNC  CORP  MINNEAPOLIS  MINN 
NORTHERN  ORDNANCE  DIV  R  RATHE  ET  AL  APR  87 
UNCLASSIFIED  FMC-E-3841-V0L-D1-PT-2  OAAA21-8S-C-004?  F/G  19/6  NL 


^or^ern  Ordnance  Division 


Minneapolis 


APPLIED 
MECHANICS 


C 


Subject 

***  Wifr 

I  FM 

Ltha 

f^ro^ct  Number  ^ 

tc.  No.  Dot* 

ZZSV 

1 riff 

8 


LOADS - 


°0  BurtP  *  S~IC/Z> 


L 


DA-6490ct85 


~1 


K 


Northem  ®rdnance  Division 


Minneapolis 


C 


Led)  8uwfi  ¥  J<U) 

3527.4  ii 

J 


3eoo , 


i 


& 


5Z920 
4500  tie 


/tAt 


AXJAL  (Ho) 


n 


-360  0 


|C 


vy  a) 


n 

n 

TT 

-3700 

-1ZZ.1 


303  y 

VZ  OL)  1, 1  1  m 


i  i  j  j-i.i  j  i  ii  j 


-146Z 


vs?  o 


a)  ^rrfnrrrriTT^ 


Alt  o 


tn ■ 


1 


4Z46  0 


c 


fvl 

I 


**  (Ti  fO/u  iC  2  «  322.3  pSI  cut.  3 

FS  •jo£g_ 


7 


APPLIED 

MECHANICS 


Subject 

~~  dm? 

Lths> 

Projwt  Number7 

EC.  No.  Ditt 

Z1£U— 

Lc  z)  4.5(5-  140/° 

i  mn.4  n 


/ih>> 


rhrn 


VY 

fl*) 


T  1  II  il 

ZZ900 


M*X  5T/LCJS  OCCURS  /a/  4C  1, 

/<v  3AaS<-CL  8<SUWJ  H/HCCu  FOtAjG-C 
(*J10€  %  PP-0P<srry  7) 

4*-'  '34(70  (7*  »  ?^(30  5Z4-PS! 

&  8 

7(/*f  •* 

MY=601l  1  ZOAUhl-H 

ni  '-21510  J 

AT  *  (30414  •*  !b)(z44 ,*)  -  4.440/?r/ 

/C7ttt 

f  pst 

<fO<r/-r£  (7y  =  35  W 


f — 


fS  s  380QQ 

4963 


7.05  *h"t — 01 — 


0A-6490ct86 


Northern  Ordnance  Division 
'xrLMJvb  Minneapolis 


|C 


k 


10 

APPLIED 

MECHANICS 


LTND  HUB 


L.C.±  Bu*iP  1  S%i4 


0294 


4500 


3*00 


35Z7A 


LO/2  Ol^j  C  /Jlsti  dot- 


7/4.7 


7/47 

7/4.7  '  450  7/4.7 

A4!! 


7/47 

^ri50 


\  4.S0 


450  rS  450 


I  7/4.7 


DA-6490ctf6 


-/9J7 


3- 


3*oo> 


Szjzo 


5?  nn  h* 


4  loao  a  crvALOf  5/  7  *  ^  A3jv*ica 
vcat/cal-  f0A  jy *4**eTAf<-  Atturrc 


.707/® 


.107? 


P*  407/  /* 
.707  f  *  Z*7t  /i 


.707? 


.707 P 


ShMt _ CM. 


r  i  »,rM  ?  *.  .*•,* 


Pt-lA/CL/ML.  TT/tFSJFS  -  L  C  ± 
TOP  (LOvJ  OF  CL&VfAsrS 


I 


N 


i 


g 


i  j 


-25-1987 


===========  IMAGES-  3D 

Hun  I D=EB062 1 2 


13:51:01 


EEEEEEEEEE 

BBBBBBBB 

000000 

666666 

11 

222222 

EEEEEEEEEE 

BBBBBBBB 

000000 

666666 

222222 

11 

222222 

EE 

BB  BB 

00 

00 

66 

22  22 

1111 

22  22 

EE 

BB  BB 

00 

00 

66 

22  22 

1111 

22  22 

EE 

BB  BB 

00 

0000 

66 

22 

11 

22 

EE 

BB  BB 

00 

0000 

66 

22 

1 1 

22 

EEEEEEEE 

BBBBBBBB 

00 

00  00 

66666666 

22 

1 1 

r>r> 

EEEEEEEE 

BBBBBBBB 

00 

00  00 

66666666 

22 

11 

22 

EE 

BB  BB 

0000 

00 

66  66 

22 

1 1 

22 

EE 

BB  BB 

0000 

00 

66  66 

22 

11 

22 

EE 

BB  BB 

00 

00 

66  66 

22 

11 

22 

EE 

BB  BB 

00 

00 

66  66 

22 

11 

22 

EEEEEEEEEE 

BBBBBBBB 

000000 

666666 

22222222! 22 

linn 

EEEEEEEEEE 

BBBBBBBB 

000000 

666666 

2222222222 

linn 

FMC  CORPORATION  S/N:B004B4 


Job  In-formation 


Project 
Cl i ent 
Job  Name 
Remarks 


:  LTHD 


:  Trail  Wheel  Hub 
Simple  Beam  Model 


Engineer  :  _ /. 

J.  Fishbein 

Chk'd  by  :  _ /. 

Appr  ' d  by  :  _ /. 


Comments 


i 


M 


=============  IMAGES  3D  ============== 

Copyright  <c)  1984  Celestia*  Software  Inc. 


Interactive  Microcomputer  Analysis  &  Graphics  of  Engineering  Systems 

IMAGES-3D  Version  1.3  03/01/86 

RUN  ID=EB06212 


=  NOTICE 

=  Celestial  Software  Inc.  assumes  no  responsi 
=  bility  for  the  validity,  accuracy,  or 
=  applicability  of  the  results  obtained  from 
=  IMAGES-3D. 


Any  questions  or  comments  concerning  the  use 
of  IMAGES-3D  or  the  users  manual  should  be 
addressed  to: 

Celestial  Software  Inc. 

125  University  Ave. 

Berkeley ,CA 
94710 

415-841-7175 


FMC  CORPORATION  S/N: 800484 

===============  IMAGES  3D  ============= 

=  Copyright  (c)  1984  Celestial  Software  Inc. 

CHECK  GEOMETRY  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 

MATERIAL  PROPERTIES 

Material  Modulus  of  Weight  Coeff  of  Poisson's  Shear  Web 

No  Elasticity  Density  Thermal  Exp.  Ratio  Modulus 

1  1 . OOOOOE+07  1 . 00000E— 01  O.OOOOOE+OO  3.00E-01  O.OOOOOE+OO 
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NODE  COORDINATES 


Node  X-Coord.  Y-Coord.  Z-Coord. 


1 

6. 72300E— 01 

0. 00000E+00 

0. OOOOOE+OO 

2 

1. 1 2000E+00 

0.00000E+00 

0. OOOOOE+OO 

3 

1 . 74500E+00 

0. 00000E+00 

0. OOOOOE+OO 

4 

2. 12000E+00 

0.00000E+00 

0. OOOOOE+OO 

5 

2. B1000E+00 

0. 00000E+00 

0. OOOOOE+OO 

6 

3 . 50000E+00 

0. 00000E+00 

O.OOOOOE+OO 

7 

4. 00000E+00 

0. 00000E+00 

0. OOOOOE+OO 

8 

4.50000E+00 

0. 00000E+00 

O.OOOOOE+OO 

9 

5. 25000E+00 

0. OOOOOE+OO 

0. OOOOOE+OO 

10 

5. 90630E+00 

0. 00000E+00 

O.OOOOOE+OO 

1 1 

6. 56250E+00 

0. 00000E+00 

0. OOOOOE+OO 

12 

7.21 8B0E+00 

O.OOOOOE+OO 

O.OOOOOE+OO 

13 

7 . B7500E+00 

0. 00000E+00 

O.OOOOOE+OO 

14 

8. 25000E+00 

0. OOOOOE+OO 

O.OOOOOE+OO 

15 

8. 87500E+00 

0. OOOOOE+OO 

O.OOOOOE+OO 

16 

9. 12500E+00 

0 . OOOOOE+OO 

O.OOOOOE+OO 

17 

9. 37500E+00 

0. OOOOOE+OO 

0. OOOOOE+OO 

BEAM 

PROPERTIES 

Multiplier  =  1  (For  AISC  database  properties  only) 

Prop  X-Section  Moment  of  Inertia  Torsional 
No  Area  Iy  /  Iz  Const.-  J 


8. 347E+00  1 . B62E+01  1.862E+01  3.723E+01 

1.U2E+01  2.234E+01  2.234E+01  4.469E+01 
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CHECK  GEOMETRY 


Version  1.3  03/01/86 


LTHD  Wheel  Hub  —  Simple  Beam  Model 


Prop  X-Section 
No  Area 


Moment  of  Inertia 
Iy  /  I  z 


Torsi onal 
Const.-  J 


8 . 565E+00 
7. 126E+00 
3. S44E+01 
1 . 307E+01 
6. 88OE+O0 
9. 0S3E+00 
1. 164E+01 
1 . 506E+01 
2. 595E+01 


1.B95E+01 
1 . 745E+01 
1 . 899E+02 
3. B19E+01 
1.671E+01 
2. 047E+01 
2. 3B6E+01 
4. 161E+01 
9. 420E+01 


1.895E+01 
1 . 745E+01 
1.B99E+02 
3. S19E+01 
1.671E+01 
2 . 047E+01 
2. 3B6E+01 
4. 161E+01 
9. 420E+01 


3. 791E+01 
3. 490E+01 
3. 799E+02 
7. 639E+01 
3. 343E+01 
4.095E+01 
4. 773E+01 
8. 323E+01 
1 . B84E+02 


Prop  Ma;; .  Fiber  Di  st 

No  Cy  /  Cz 


Shear  Shape  Fact 
SSFy  /  SSFz 


Ctors 


2.41E+00  2 
2.41E+00  2 
2.41E+00  2 
2.46E+00  2 
4.00E+00  4 
2.B2E+00  2 
2.44E+00  2 
2.44E+00  2 
2.44E+00  2 
2.B2E+00  2 
3.38E+00  3 


41E+00 
41E+00 
41E+00 
46E+00 
1  00E+00 
82E+00 
,  44E+00 
44E+00 
,  44E+00 
82E+00 
38E+00 


1 . B9E+00 
1 . B9E+00 
1 . 89E+00 
1 . 89E+00 
1 . B9E+00 
1 . B9E+00 
1 . B9E+00 
1 . B9E+00 
1 . 89E+00 
1 . 89E+00 
1 . 89E+00 


1 . B9E+00 
1 . B9E+00 
1 . B9E+00 
1 . B9E+00 
1 . 89E+00 
1 . B9E+00 
1 . B9E+00 
1 . B9E+00 
1 . 89E+00 
1 . B9E+00 
1 . B9E+00 


1 . 00E+00 
1 . 00E+00 
1 . 00E+00 
1 . 00E+00 
1 . 00E+00 
1 . OOE+OO 
1 . 00E+00 
1 . 00E+00 
1 . 00E+00 
1 . 00E+00 
1 . 00E+00 


BEAM  CONNECTIVITY 


Beam  Nodes  Prop  Mat  Pincodes 

No  From/  To/Ref  No  No  I  /  J  Length 


Y  Dir  Cosines  Beam 
X  Y  Z  Type 


4. 477E-01 
6. 250E-01 
3. 750E-01 
6. 900E-01 
6. 900E-01 
5.000E-01 
5. 000E-01 
7.500E-01 
6. 563E-01 


1 . 00 

0 .  00 

Beam 

1 . 00 

0.  00 

Beam 

1 . 00 

0 .  00 

Beam 

1 . 00 

0.00 

Beam 

1.00 

0.  00 

Beam 

1.00 

0.00 

Beam 

1.00 

0 .  00 

Beam 

1.00 

0 .  00 

Beam 

1.00 

0.  00 

Beam 
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LTHD  Wheel  Hub  --  Simple  Beam  Model 


Beam 

Nodes 

Prop 

Mat 

Pi ncodes 

Y  Di 

r  Cosines 

Beam 

No 

From/ 

To/Ref 

No 

No 

I  /  J 

Length 

X 

Y 

z 

Type 

10 

10 

1 1 

o 

7 

1 

6. 562E-01 

0.00 

1 . 00 

0.00 

Beam 

1  1 

1  1 

12 

0 

7 

1 

6. 563E-01 

0.00 

1 . 00 

0.00 

Beam 

12 

12 

13 

o 

7 

1 

6. 562E-01 

0.00 

1 . 00 

0.  00 

Beam 

13 

13 

14 

0 

8 

1 

3. 750E-01 

0.00 

1 . 00 

0 .  00 

Beam 

14 

14 

15 

0 

9 

1 

6. 250E-01 

0.00 

1 . 00 

0.  00 

Beam 

15 

15 

16 

0 

10 

1 

2. 500E-01 

0. 00 

1 . 00 

0 .  00 

Beam 

16 

16 

17 

o 

1 1 

1 

2. 500E-01 

0.00 

1.00 

0 .  00 

Beam 

RESTRAINTS 

Node  Restraint 

No  Directions 


1  -  Y  Z  -  -  - 

17  X  Y  Z  RX  -  - 
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LTHD  Wheel  Hub  —  Simple  Beam  Model 


Node  Renumbering  Cross  Reference  List 


las 

Is 

Was 

Is 

Was 

Is 

1 

1 

2 

JL 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 

8 

8 

9 

9 

10 

10 

1 1 

11 

12 

12 

13 

13 

14 

14 

15 

15 

16 

16 

17 

17 

1987 

1 


Original  Nodal  Band 
Final  Nodal  band 


2 
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LTHD  Wheel  Hub  —  Simple  Beam  Model 

STIFFNESS  ASSEMBLY  SUMMARY 


Number  of  Node  Points.  . . . .  17 

Number  of  Truss  and  Beam  Elements .  16 

Number  of  Plate  Elements.. .  0 

Number  of  Spring  Elements . . .  0 

Number  of  Nodes  with  Restraints .  2 

Number  of  Blocks  in  the  Matrix........  1 


BLOCK  NUMBER  1 

FORM  Matrix 

PACK  Matrix 

Size  =  5776  Bytes 

TRIANGULARIZE  Matrix 


Number  of  terms  in  the  matrix.  722 

Largest  column .  11 

Minimum  Diagonal  Stiffness  =  .41B9616D+0B 
Maximum  Diagonal  Stiffness  =  . 7617020D+10 
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LTHD  Wheel  Hub  —  Simple  Beam  Model 

LOAD  CASE  1 

Bump  and  SI  id 

CONCENTRATED  LOADS 

Node  Fx  Fy  Fz  Mx  My  Mz 

6  . 3600E+04  . 3527E+04  .4500E+04  . OOOOE+OO  .  0000E+00  . 5292E+05 
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SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 

LOAD  CASE  1 


Bump  and  Slid 

APPLIED  LOAD  VECTOR 

Node  Fx  Fy  Fz  Mx  My 

6  . 3600E+04  . 3527E+04  . 4500E+04  . 0000E+00  . OOOOE+OO 


Mz 

. 5292E+05 


FMC  CORPORATION  S/'N:  B004B4 


02-25-87 
PAGE  3 


Copyright  <c) 


IMAGES  3D 
1984  Celestial 


Software  Inc.  ■ 


SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 

LOAD  CASE  1 

Bump  and  Skid 


DISPLACEMENTS 


T  r  a 

n  s  1  a  t  i 

o  n  s 

/ 

R  c 

i  t  a  t  i  o 

n  s 

Node 

X 

Y 

Z 

/ 

X 

Y 

Z 

1 

.21 10E-03 

. OOOOE+OO 

. OOOOE+OO 

/ 

. OOOOE+OO 

— . 7354E— 04 

. 40BBE-03 

2 

.21 10E-03 

. B5B1E— 04 

.  1 127E-03 

/ 

. OOOOE+OO 

— . 7190E— 04 

. 4108E-03 

3 

.21 10E-03 

. 2425E-03 

. 2399E-03 

/ 

. OOOOE+OO 

— . 6544E— 04 

.41 B7E-03 

4 

.21 10E-03 

. 3215E— 03 

. 32B4E-03 

/ 

. OOOOE+OO 

— . 5787E— 04 

. 4279E-03 

5 

.21 10E-03 

. 4492E-03 

. 5059E-03 

/ 

. 0000E+00 

— . 3634E-04 

. 454 1 E— 03 

6 

.21 10E-03 

. 5985E-03 

. 6657E— 03 

/ 

. OOOOE+OO 

— . 6516E— 05 

. 4904E-03 

7 

. 2063E-03 

. 794BE-03 

. 6591E— 03 

/ 

.  OOOOE+OO 

-. 4351E-05 

. 4797E-03 

8 

. 2017E-03 

. 9860E-03 

. 6514E-03 

/ 

. OOOOE+OO 

-. 2378E-05 

. 4700E-03 

9 

. 1 81 OE— 03 

. 11 10E-02 

. 6070E-03 

/ 

.  OOOOE+OO 

. 1054E-04 

. 406 1 E— 03 

10 

. 1467E-03 

. 1001E-02 

. 5242E-03 

/ 

. OOOOE+OO 

. 3234E-04 

. 2984E-03 

11 

.  U23E-03 

. 8283E-03 

. 42B3E-03 

/ 

. OOOOE+OO 

. 5037E-04 

. 2093E-03 

12 

. 779BE-04 

. 6027E-03 

. 3218E-03 

/ 

. OOOOE+OO 

. 6463E-04 

. 13B8E-03 

13 

. 4365E-04 

. 3370E-03 

. 2072E-03 

/ 

. OOOOE+OO 

. 7513E-04 

. B68BE-04 

14 

. 287BE-04 

. 2195E-03 

. 14B7E-03 

/ 

. OOOOE+OO 

. 7B64E-04 

. 6951E-04 

15 

. 9447E-05 

. 6680E-04 

. 5987E-04 

/ 

.  OOOOE+OO 

. B176E— 04 

. 5413E-04 

16 

. 3469E-05 

.21 13E-04 

. 2745E-04 

/ 

. OOOOE+OO 

. 820BE-04 

. 5250E-04 

17 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

/ 

.  OOOOE+OO 

. B213E-04 

. 5226E-04 
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BSaSSeeHKBXBeKICCCXBCKXCeBraKZCBBSKESCBaCSBBaBBBK 

SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 

LOAD  CASE  2 

4.5G  Air  Drop 

CONCENTRATED  LOADS 

Node  Fx  Fy  Fz  Mx  My 

6  . 0000E+00  . 1200E+05  . OOOOE+OO  . 0000E+00  . OOOOE+OO 


Mz 


OOOOE+OO 
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SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Wheel  Hub  --  Simple  Beam  Model 


4.5G  Air  Drop 


LOAD  CASE  2 

APPLIED  LOAD  VECTOR 


Node  F>:  Fy  Fz  M:<  My 


6  . 0000E+00  . 1200E+05  . 0000E+00  . 0000E+00  . OOOOE+OO 


Mz 


. OOOOE+OO 
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Copyr i ght 


IMAGES  3D 

1984  Celestial  Software  Inc.  “ 


SOLVE  DISPLACEMENTS  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 

LOAD  CASE  2 

4.5G  Air  Drop 


DISPLACEMENTS 


Node 

x  — 1 

» 

n  s  1  a  t  i 

Y 

o  n  s 

Z 

/ 

/ 

R  o 
X 

t  a  t  i  o 
Y 

n  b 

Z 

1 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

. 1961E-03 

2 

. OOOOE+OO 

. 3006E-03 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

. 1917E-03 

3 

. OOOOE+OO 

. 6396E-03 

.OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

. 1745E-03 

4 

. 0000E+00 

. 8757E-03 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

. 1543E-03 

5 

. OOOOE+OO 

. 1349E-02 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

. 9688E-04 

6 

. 0000E+00 

. 1775E-02 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

. 1 737E-04 

7 

. OOOOE+OO 

. 1757E-02 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

. 1160E-04 

8 

. OOOOE+OO 

. 1737E-02 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

. 6340E-05 

9 

. OOOOE+OO 

. 161BE-02 

. OOOOE+OO 

/ 

.  OOOOE+OO 

. OOOOE+OO 

— . 2B1 IE-04 

10 

. OOOOE+OO 

. 139BE-02 

. OOOOE+OO 

/ 

.  OOOOE+OO 

. OOOOE+OO 

-. 8623E-04 

1  1 

. OOOOE+OO 

.  U42E-02 

.OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

-. 1343E-03 

12 

. OOOOE+OO 

. 8581E-03 

.OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

-. 1723E-03 

13 

. OOOOE+OO 

. 5526E-03 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

-. 2003E-03 

14 

. OOOOE+OO 

. 3965E— 03 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

-. 2097E-03 

1 5 

. OOOOE+OO 

. 1596E-03 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

— . 21B0E-03 

16 

. OOOOE+OO 

. 7320E-04 

. OOOOE+OO 

/ 

. OOOOE+OO 

. OOOOE+OO 

-. 21B9E-03 

17 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

/ 

.  OOOOE+OO 

. OOOOE+OO 

— . 2190E-03 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 
Load  Case  1:  Bump  and  Skid 

BEAM  LOADS  AND/OR  STRESSES 


LLoads 

Node 

Ax  i  al 

Y-Shear 

Z-Shear 

Torsion 

Y-Bendi ng 

/Stress 

***BEAM  NO. 

1*** 

LLoads 

1 

. 1414E-1 1 

. 3700E+04 

— . 3038E+04 

. OOOOE+OO 

-. 7052E-1 1  ■ 

LLoads 

2 

1414E-1 1 

— . 3700E+04 

. 3038E+04 

. OOOOE+OO 

. 1360E+04 

Stress 

1 

1694E-12 

. 8377E+03 

-. 6B7BE+03 

. OOOOE+OO 

. 1636E-09 

Stress 

2 

1694E-12 

. B377E+03 

-.6B7BE+03 

. OOOOE+OO 

. 2141E+03 

***BEAM  NO. 

2*** 

LLoads 

2 

. 2707E-1 1 

. 3700E+04 

— . 303BE+04 

. 0000E+00 

1360E+04 

LLoads 

3 

-. 2707E— 1 1 

— . 3700E+04 

. 3038E+04 

. OOOOE+OO 

. 3259E+04 

Stress 

2 

— . 2435E-12 

. 6289E+03 

— . 5164E+03 

. OOOOE+OO 

. 1784E+03 

Stress 

o 

-. 2435E-12 

. 6289E+03 

— . 5164E+03 

. OOOOE+OO 

. 4274E+03 

***BEAM  NO. 

3*** 

LLoads 

3 

- . 5400E- 1 2 

. 3700E+04 

303BE+04 

. OOOOE+OO 

— . 3259E+04  ■ 

LLoads 

4 

. 5400E-12 

— . 3700E+04 

. 3038E+04 

. OOOOE+OO 

. 4398E+04 

Stress 

3 

. 6305E— 13 

. 8164E+03 

— . 6703E+03 

. OOOOE+OO 

. 503BE+03 

Stress 

4 

. 6305E-13 

. 8164E+03 

— . 6703E+03 

. OOOOE+OO 

. 6799E+03 

***BEAM  NO. 

4*** 

LLoads 

4 

— . 8669E-12 

. 3700E+04 

303BE+04 

. OOOOE+OO 

— . 4398E+04 

LLoads 

5 

. 8669E- 1 2 

-. 3700E+04 

. 303BE+04 

. OOOOE+OO 

. 6494E+04 

Stress 

4 

. 1216E-12 

. 9812E+03 

— . B057E+03 

. OOOOE+OO 

. 7538E+03 

Stress 

5 

. 1216E-12 

. 981 2E+03 

B057E+03 

. OOOOE+OO 

.  Ill 3E+04 

***BEAM  NO.  ! 

5*+* 

LLoads 

5 

8669E-12 

. 3700E+04 

-. 3038E+04 

. OOOOE+OO 

— . 6494E+04  ■ 

LLoads 

6 

. 8669E-12 

— . 3700E+04 

. 303BE+04 

. OOOOE+OO 

. B590E+04 

Stress 

5 

. 1216E-12 

. 9B12E+03 

— . 8057E+03 

. OOOOE+OO 

. 1 1 13E+04 

Stress 

6 

. 1216E-12 

. 9812E+03 

— . 8057E+03 

. OOOOE+OO 

. 1 472E+04 

***BEAM  NO.  « 

fa#** 

LLoads 

6 

. 3600E+04 

. 7227E+04 

. 1462E+04 

. OOOOE+OO 

-. 8590E+04 

LLoads 

7 

-. 3600E+04 

-. 7227E+04 

1462E+04 

. OOOOE+OO 

. 7B59E+04  • 

Stress 

6 

-. 9365E+02 

. 3553E+03 

. 7 189E+02 

. OOOOE+OO 

— . 8942E+03 

Stress 

7 

- . 9365E+02 

. 3553E+03 

. 71B9E+02 

. OOOOE+OO 

81B1E+03 

***BEAM  NO. 

7*** 

LLoads 

7 

. 3600E+04 

. 7227E+04 

. 1462E+04 

. OOOOE+OO 

-. 7859E+04 

LLoads 

8 

-. 3600E+04 

7227E+04 

-. 1462E+04 

. OOOOE+OO 

.71 2BE+04 

Stress 

7 

-. 9365E+02 

. 3553E+03 

. 7189E+02 

. OOOOE+OO 

-. B1B1E+03 

Stress 

8 

9365E+02 

. 3553E+03 

. 7189E+02 

.OOOOE+OO 

— . 7420E+03 

***BEAM  NO.  1 

9*** 

LLoads 

8 

. 3600E+04 

. 7227E+04 

. 1462E+04 

. OOOOE+OO 

—.71 28E+04 

LLoads 

9 

-. 3600E+04 

-. 7227E+04 

-. 1 462E+04 

. OOOOE+OO 

. 6031E+04  ■ 

Stress 

8 

-. 2754E+03 

. 1045E+04 

•2114E+03 

. OOOOE+OO 

-. 2597E+04 

Stress 

9 

-. 2754E+03 

. 1045E+04 

.21 14E+03 

. OOOOE+OO 

— . 21 97E+04 

2-Bending 


.  1 266E-08 
. 1656E+04 
. 91 15E-12 
. 1758E+03 

. 1656E+04 
. 3969E+04 
. 1465E+03 
. 3509E+03 

. 3969E+04 
.5356E+04 
. 4137E+03 
.55B3E+03 

. 5356E+04 
. 7909E+04 
. 61B9E+03 
. 9139E+03 

. 7909E+04 
. 1046E+05 
. 91 39E+03 
. 1209E+04 

.4246E+05 
. 3B85E+05 
. 1809E+03 
. 1 655E+03 

. 3BB5E+05 
. 3523E+05 
. 1655E+03 
. 1501E+03 

. 3523E+05 
. 298 1 E  +  05 
. 5254E+03 
.  4445E+03 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 


Load  Case  1:  Bump  and  Skid 


LLoads 

/Stress 

Node 

A::  i  al 

Y-Shear 

Z-Shear 

Torsi  on 

Y-Bendi ng 

Z-Beridi  ng 

***BEAM  NO.  9*** 

LLoads 

9 

. 3600E+04 

. 7227E+04 

. 1462E+04 

. 0000E+00 

-. 6031E+04 

. 2981 E+05 

LLoads 

10 

3600E+04 

-. 7227E+04 

-. 1 462E+04 

. 0000E+00 

. 5072E+04 

-. 2507E+05 

Stress 

9 

- . 5232E+03 

. 1 9B5E+04 

. 4017E+03 

. 0000E*00 

-. 4352E+04 

. 8805E+03 

Stress 

10 

— . 5232E+03 

. 1 985E+04 

. 4017E+03 

.  0000E+00 

— . 3660E+04 

. 7404E+03 

***BEAM  NO.  10*** 

LLoads 

10 

. 3600E+04 

. 7227E+04 

. 1 462E+04 

. 0000E+00 

— . 5072E+04 

. 2507E+05 

LLoads 

1 1 

3600E+04 

7227E+04 

-. 1462E+04 

. OOOOE+OO 

. 41 12E+04 

— . 2033E+05 

Stress 

10 

5232E+03 

. 1 9B5E+04 

. 40 1 7E+03 

.  OOOOE+OO 

— . 3660E+04 

. 7404E+03 

Stress 

1 1 

5232E+03 

. 1 9B5E+04 

. 4017E+03 

. OOOOE+OO 

- . 2967E+04 

. 6003E+03 

***BEAM  NO.  11*** 

LLoads 

1 1 

. 3600E+04 

. 7227E+04 

. 1462E+04 

. OOOOE+OO 

—.41 12E+04 

. 2033E+05 

-Loads 

12 

3600E+04 

-. 7227E+04 

-. 1462E+04 

. OOOOE+OO 

. 3153E+04 

-. 155BE+05 

Stress 

1 1 

- . 5232E+03 

. 1985E+04 

. 4017E+03 

. OOOOE+OO 

— . 2967E+04 

. 6003E+03 

Stress 

12 

5232E+03 

. 1985E+04 

. 4017E+03 

. OOOOE+OO 

— . 2275E+04 

. 4603E+03 

***BEAM  NO.  12 

*** 

LLoads 

12 

. 3600E+04 

. 7227E+04 

. 1462E+04 

. OOOOE+OO 

— . 3153E+04 

. 1 558E+05 

LLoads 

13 

3600E+04 

- . 7227E+04 

-. 1 462E+04 

.  OOOOE+OO 

.21 93E+04 

-. 1 0B4E+05 

Stress 

12 

— . 5232E+03 

. 1985E+04 

. 401 7E*03 

. OOOOE+OO 

— . 2275E+04 

. 4603E+03 

Stress 

13 

-. 5232E+03 

. 1985E+04 

. 4017E+03 

. OOOOE+OO 

-. 1583E+04 

. 3202E+03 

***BEAM  NO.  13*** 

LLoads 

13 

. 3600E+04 

. 7227E+04 

. 1 462E+04 

. OOOOE+OO 

— . 2193E+04 

. 1084E+05 

LLoads 

14 

— . 3600E+04 

-. 7227E+04 

1462E+04 

. OOOOE+OO 

. 1 645E+04 

— . 8130E+04 

Stress 

13 

- . 3964E+03 

. 1504E+04 

. 3043E+03 

.  OOOOE+OO 

-. 1 292E+04 

. 2614E+03 

Stress 

14 

— . 3964E+03 

. 1 504E+04 

. 3043E+03 

.  OOOOE+OO 

— . 9690E+03 

. 1 960E+03 

***BEAM  NO.  14*** 

LLoads 

14 

. 3600E+04 

. 7227E+04 

. 1462E+04 

. OOOOE+OO 

-. 1 645E+04 

. 8130E+04 

LLoads 

15 

- . 3600E+04 

-. 7227E+04 

-. 1462E+04 

. OOOOE+OO 

.7311E+03 

-. 3614E+04 

Stress 

14 

— . 3094E+03 

. 1 174E+04 

. 2375E+03 

. OOOOE+OO 

— . B3 1 3E+03 

. 1 682E+03 

Stress 

15 

- . 3094E+03 

. 1 174E+04 

. 2375E+03 

. OOOOE+OO 

— . 3695E+03 

. 7475E+02 

***BEAM  NO.  15*** 

LLoads 

1 5 

. 3600E+04 

.7227E+04 

. 1462E+04 

.  OOOOE+OO 

— . 731 1E+03 

. 36 1 4E+04 

LLoads 

16 

3600E+04 

-. 7227E+04 

-. 1 462E+04 

.  OOOOE+OO 

. 3655E+03 

-. 1807E+04 

Stress 

15 

2391E+03 

. 9072E*03 

. 1 B35E+03 

. OOOOE+OO 

— . 2444E+03 

. 4945E+02 

Stress 

16 

— . 2391E+03 

. 9072E+03 

. 1 835E*03 

. OOOOE+OO 

-. 1 222E+03 

. 2473E+02 

***BEAM  NO.  16*** 

LLoads 

16 

. 3600E+04 

. 7227E+04 

.  1 462E+04 

. OOOOE+OO 

— . 3655E+03 

. 1807E+04 

LLoads 

17 

3600E+04 

-. 7227E+04 

-. 1 462E+04 

.  OOOOE+OO 

.71 34E-09 

. 2579E-08 

Stress 

16 

138BE+03 

. 5264E+03 

. 1065E+03 

.  OOOOE+OO 

-. 6473E+02 

. 1310E+02 

Stress 

17 

1 38BE+03 

. 5264E+03 

. 1065E+03 

. OOOOE+OO 

. 9242E- 1 0 

. 2556E- 10 
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=  Copyright  (c>  1984  Celestial  Software  Inc.  m 

SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 
Load  Case  1:  Bump  and  Skid 

MAXIMUM  STRESS  SUMMARY  FOR  BEAMS/TRUSSES 
WITHIN  SPECIFIED  RANGE  1-  16 

Maximum  (absolute)  Stress  =  .4352E+04  at  BEAM  9 

Beam  Axial  Y-Shear  Z-Shear  Torsion  Y-Bending 

— . 4352E+04 


Z-Bendi ng 


. 8805E+03 


9 


232E+03 


1985E+04  . 4017E+03 


OOOOE-t-OO 
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SOLVE  REACTIONS  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 
Load  Case  1:  Bump  and  Skid 

REACTIONS 

Node  Fx  Fy  Fz  M:;  My  Mz 

1  .OOOOE+OO  . 3700E+04  -.303BE+04  .OOOOE+OO  .OOOOE+OO  . 0000E+00 

17  - . 3600E+04  — . 7227E+04  -. 1462E+04  .OOOOE+OO  .OOOOE+OO  .OOOOE+OO 
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===============  IMAGES  3D  =============== 

=  Copyright  (c)  1984  Celestial  Software  Inc.  = 

SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 
Load  Case  2:  4.5G  Air  Drop 

BEAM  LOADS  AND/OR  STRESSES 


LLoads 

Node 

Axial 

Y-Shear 

Z-Shear 

Torsion 

Y-Bendi ng 

/Stress 

***BEAM  NO. 

1  *** 

LLoads 

1 

.  OOOOE+OO 

-. 8100E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

LLoads 

2 

.  OOOOE+OO 

. 8100E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

Stress 

i 

. OOOOE+OO 

-. 1 834E+04 

.  OOOOE+OO 

. OOOOE+OO 

. 2533E-09 

Stress 

2 

.  OOOOE+OO 

-.  1834E+04 

. OOOOE+OO 

. OOOOE+OO 

— . 4687E+03 

♦♦♦BEAM  NO. 

LLoads 

n 

.  OOOOE+OO 

-. B100E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

LLoads 

3 

.  OOOOE+OO 

. 81 00E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

Stress 

■d-. 

.  OOOOE+OO 

-. 1377E+04 

. OOOOE+OO 

. OOOOE+OO 

— . 3905E+03 

Stress 

3 

. OOOOE+OO 

1377E+04 

. OOOOE+OO 

. OOOOE+OO 

— . 9356E+03 

***BEAM  NO. 

3+** 

LLoads 

. OOOOE+OO 

-. 8100E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

LLoads 

4 

. OOOOE+OO 

. 8100E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

Stress 

._•» 

. OOOOE+OO 

-. 1 787E+04 

.  OOOOE+OO 

. OOOOE+OO 

-. 1 103E+04 

Stress 

4 

. OOOOE+OO 

-. 1 787E+04 

. OOOOE+OO 

. OOOOE+OO 

-.  1 489E+04 

***BEAM  NO. 

4*+* 

LLoads 

4 

. OOOOE+OO 

— . 8100E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

LLoads 

5 

.  OOOOE+OO 

. 8100E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

Stress 

4 

. OOOOE+OO 

-.21 48E+04 

. OOOOE+OO 

. OOOOE+OO 

-. 1 650E+04 

Stress 

5 

. OOOOE+OO 

— . 214BE+04 

.  OOOOE+OO 

. OOOOE+OO 

— . 2437E+04 

***BEAM  NO.  ! 

5#** 

LLoads 

5 

.  OOOOE+OO 

— . B100E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

LLoads 

6 

.  OOOOE+OO 

. 8100E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

Stress 

5 

. OOOOE+OO 

-. 214BE+04 

.  OOOOE+OO 

. OOOOE+OO 

-. 2437E+04 

Stress 

6 

. OOOOE+OO 

-.21 4BE+04 

. OOOOE+OO 

. OOOOE+OO 

— . 3223E+04 

*#*BEAM  NO.  i 

6*** 

LLoads 

6 

. OOOOE+OO 

. 3B99E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

LLoads 

7 

.  OOOOE+OO 

-. 3B99E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

Stress 

6 

.  OOOOE+OO 

. 1917E+03 

.  OOOOE+OO 

. OOOOE+OO 

— . 4B23E+03 

Stress 

7 

.  OOOOE+OO 

. 1917E+03 

.  OOOOE+OO 

. OOOOE+OO 

-. 4413E+03 

***BEAM  NO. 

7*** 

LLoads 

7 

.  OOOOE+OO 

. 3B99E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

LLoads 

8 

.  OOOOE+OO 

- . 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

Stress 

7 

.  OOOOE+OO 

. 1917E+03 

.  OOOOE+OO 

. OOOOE+OO 

-. 4413E+03 

Stress 

8 

.  OOOOE+OO 

. 1917E+03 

. OOOOE+OO 

. OOOOE+OO 

— . 4002E+03 

+++BEAM  NO.  1 

3*** 

LLoads 

8 

. OOOOE+OO 

. 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

LLoads 

9 

. OOOOE+OO 

— . 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

Stress 

8 

. OOOOE+OO 

. 5637E+03 

. OOOOE+OO 

. OOOOE+OO 

-. 1 401E+04 

Stress 

9 

.  OOOOE+OO 

. 5637E+03 

.  OOOOE+OO 

. OOOOE+OO 

-. 1 1B5E+04 

Z— Bend i ng 


. 1 960E-08 
. 3626E+04 
. 0000E+00 
. 0000E+00 

. 3626E+04 
. 86B9E+04 
. OOOOE+OO 
. OOOOE+OO 

. B6B9E+04 
. 1173E+05 

. 0000E+00 
. 0000E+00 

. 1 173E+05 
. 1 732E+05 
. 0000E+00 
. 0000E+00 

. 1 732E+05 
. 2290E+05 
. 0000E+00 
. OOOOE+OO 

. 2290E+05 
. 2095E+05 
. OOOOE+OO 
. OOOOE+OO 

. 2095E+05 
. 190 IE +05 

. OOOOE+OO 
. OOOOE+OO 

. 1901E+05 
. 1 608E+05 
. OOOOE+OO 
. OOOOE+OO 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 


Load  Case 

2 : 

4.5G  Air 

Drop 

LLoads  Node 

Ax  i  al 

Y-Shear 

Z-Shear 

Torsion 

Y-Bendi ng 

Z-Bendi ng 

/Stress 

♦♦♦BEAM  NO.  9*** 

LLoads 

9 

. OOOOE+OO 

. 3899E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

. 160BE+05 

LLoads 

10 

. 0000E+00 

— . 3B99E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

-. 1352E+05 

Stress 

9 

. 0000E+00 

. 1071E+04 

.  OOOOE+OO 

. OOOOE+OO 

— . 234BE+04 

. OOOOE+OO 

Stress 

10 

. 0000E+00 

. 1071E+04 

. OOOOE+OO 

. OOOOE+OO 

-. 1 974E+04 

. OOOOE+OO 

♦♦♦BEAM  NO.  1 0*** 

LLoads 

10 

. 0000E+00 

. 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

. 1352E+05 

LLoads 

1 1 

. 0000E+00 

-. 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

-. 1096E+05 

Stress 

10 

. 0000E+00 

. 1071E+04 

. OOOOE+OO 

. OOOOE+OO 

-. 1974E+04 

. OOOOE+OO 

Stress 

1 1 

. 0000E+00 

. 1071E+04 

.  OOOOE+OO 

. OOOOE+OO 

-. 1601E+04 

. OOOOE+OO 

♦♦♦BEAM  NO.  1 !♦♦♦ 

LLoads 

1 1 

. 0000E+00 

. 3B99E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

. 1096E+05 

.Loads 

12 

. OOOOE+OO 

-. 3Q99E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

— . B406E+04 

Stress 

11 

. OOOOE+OO 

. 1071E+04 

. OOOOE+OO 

. 0000E+ 00 

-. 1601E+04 

. OOOOE+OO 

Stress 

12 

. OOOOE+OO 

. 1071E+04 

. OOOOE+OO 

. OOOOE+OO 

-. 1 227E+04 

. OOOOE+OO 

♦♦♦BEAM  NO.  12*** 

LLoads 

12 

. OOOOE+OO 

. 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

. B406E+04 

LLoads 

1 3 

. OOOOE+OO 

-. 3899E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

-. 5B40E+O4 

Stress 

12 

. OOOOE+OO 

. 1071E+04 

. OOOOE+OO 

. OOOOE+OO 

-. 1 227E+04 

. OOOOE+OO 

Stress 

13 

. OOOOE+OO 

. 1071E+04 

. OOOOE+OO 

. OOOOE+OO 

-. 8537E+03 

. OOOOE+OO 

♦♦♦BEAM  NO.  13*** 

LLoads 

13 

. OOOOE+OO 

. 3B99E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

. 5848E+04 

LLoads 

14 

. OOOOE+OO 

-. 3B99E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

- . 4386E+04 

Stress 

13 

. OOOOE+OO 

. 81 12E+03 

.OOOOE+OO 

. OOOOE+OO 

- . 6970E+03 

. OOOOE+OO 

Stress 

14 

. OOOOE+OO 

.811 2E+03 

. OOOOE+OO 

. OOOOE+OO 

— . 5227E+03 

. OOOOE+OO 

♦♦♦BEAM  NO.  14*** 

LLoads 

14 

. OOOOE+OO 

. 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

. 4386E+04 

LLoads 

1 5 

. OOOOE+OO 

-. 3B99E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

1 949E+04 

Stress 

14 

. OOOOE+OO 

. 6333E+03 

. OOOOE+OO 

. OOOOE+OO 

-. 4485E+03 

. OOOOE+OO 

Stress 

15 

. OOOOE+OO 

. 6333E+03 

.  OOOOE+OO 

. OOOOE+OO 

-. 1 993E+03 

. OOOOE+OO 

♦♦♦BEAM  NO.  15*** 

LLoads 

15 

. OOOOE+OO 

. 3899E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

. 1 949E+04 

LLoads 

16 

. OOOOE+OO 

-. 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

- . 9746E+03 

Stress 

15 

. OOOOE+OO 

. 4894E+03 

.  OOOOE+OO 

. OOOOE+OO 

-. 1319E+03 

. OOOOE+OO 

Stress 

16 

. OOOOE+OO 

. 4894E+03 

. OOOOE+OO 

. OOOOE+OO 

— . 6593E+02 

. OOOOE+OO 

♦♦♦BEAM  NO.  16*** 

LLoads 

16 

. OOOOE+OO 

. 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

. 9746E+03 

LLoads 

17 

. OOOOE+OO 

-. 3899E+04 

.  OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

.  1 743E-08 

Stress 

16 

. OOOOE+OO 

. 2840E+03 

. OOOOE+OO 

. OOOOE+OO 

-. 3492E+02 

. OOOOE+OO 

Stress 

17 

. OOOOE+OO 

. 2B40E+03 

. OOOOE+OO 

. OOOOE+OO 

. 6244E-10 

. OOOOE+OO 
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===============  IMAGES  3D  =============== 
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SOLVE  BEAM  LOADS/STRESSES  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 
Load  Case  2s  4.5G  Air  Drop 

MAXIMUM  STRESS  SUMMARY  FOR  BEAMS/TRUSSES 
WITHIN  SPECIFIED  RANGE  1-  16 

Maximum  (absolute)  Stress  =  . 3223E+04  at  BEAM  5 

Beam  Axial  Y-Shear  Z-Shear  Torsion  Y-Bending 


Z— Bendi ng 


OOOOE+OO 


2 1 48E+04  . OOOOE+OO  . OOOOE+OO 


3223E+04  . OOOOE+OO 


n 
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SOLVE  REACTIONS  Version  1.3  03/01/86 

LTHD  Wheel  Hub  —  Simple  Beam  Model 
Load  Case  2:  4.5G  Air  Drop 

REACTIONS 


Node 

F>: 

Fy 

Fz 

M;< 

My 

Mz 

1 

. OOOOE+OO 

— . B100E+04 

. OOOOE+OO 

. 0000E+00 

. OOOOE+OO 

. OOOOE+OO 

17 

. OOOOE+OO 

- . 3899E+04 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

. OOOOE+OO 

